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Effective performance in dynamic domains requires experts to assess problems and 
implement solutions within the constraints of their work system, but these processes are 
not well accounted for in the expertise literature. I observed resident and attending 
emergency physicians to determine the behaviors that distinguish doctors as they manage 
patients and what contextual variables may affect these behaviors. Factor analyses 
revealed three types of behavior: goal establishment behavior, goal enactment behavior, 
and acknowledging uncertainty. Multilevel analyses indicated that doctors’ experience 
and both the local and global context of care impact these behaviors. More experienced 
doctors appear to be more sensitive to contextual features when establishing goals. Less 
experienced doctors appear to be more sensitive to contextual features when enacting 
goals, which may be maladaptive. Doctors seem to acquire goal establishment and goal 
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1. The Role of Deliberate Behavior in Expert Performance 
 
Expert-novice comparison allows researchers to discover processes that may 
otherwise go unnoticed in observations of only one group. Whereas most explanations of 
expert capability focus on a library of stored experiences, i.e., knowledge, used to solve 
problems, these explanations do not capture the associated functional change in 
information gathering. This study examines the functional change in information 
gathering in the socially and technically constrained domain of emergency medicine. 
1.1. A Problem: What About Information Gathering? 
Endsley (1997) claimed that situation awareness (SA) is the driving factor in the 
decision making process of experts in naturalistic situations. When errors occur, they are 
often the result of poor SA rather than poor decision-making. In other words, the decision 
made was the correct one in light of the person’s understanding of the situation. The 
problem occurred because the person’s understanding was wrong.  
Waag and Bell (1997) noted that high performing fighter pilots during training 
simulations excelled at assessment and decision making rather than maneuvering the 
aircraft. A study of pilot attentional strategies also found that in response to simulated 
failure, experts spent more time attending to problem-relevant cues than novices, and 
within these cues the experts allocated more attention to the cues that were most 
diagnostic (Schriver, Morrow, Wickens, & Talleur, 2008). The study concluded that 
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expertise hinges on both cue selection and cue integration. The dependence of SA on 
information suggests a role for deliberate information gathering, that is, behavior that 
fulfills a purpose in the domain. 
Expert performers tend to spend more time on situation assessment than novices 
(Mozier, 1997). Klein (1989) found that compared to novices, experts tended to spend 
more time deliberating about the situation than about options for action. Crucially, expert 
tank platoon leaders paid more attention than novices to less directly accessible cues such 
as radio reports of troop movements. Similarly, expert battlefield commanders asked 
more critical questions than novices during a simulation and made better use of the 
answers to those questions in their planning (Serfaty, MacMillan, Entin, & Entin, 1997). 
High performing flight crews seek weather reports at the destination more frequently than 
low performing flight crews (Orasanu & Fischer, 1997). All of these examples illustrate 
the importance of information seeking behavior, but descriptions and explanations for 
these information-gathering behaviors have been largely neglected in studies of medical 
decision-making.  
Information gathering is particularly important for goal setting in technically 
mediated, dynamic situations (Feufel, 2009). Medical expertise requires a high degree of 
specialized knowledge, but the information needed to make good decisions is not always 
readily available and must be actively sought (Ong, De Haes, Hoos, & Lammes, 1995). 
The doctors generate information by asking questions or ordering tests in order to make 
decisions. This process is time-consuming and costly, unlike aviation or chess, where 
information is always available from instruments or the game board and accessible at 
minimal or no cost. The choice in these domains is what information can be ignored, but 
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the choice in medicine is what information to generate in the first place. However, 
information gathering also cannot continue indefinitely in a time-sensitive, dynamic 
domain such as medicine, and the doctors must know when to discontinue their 
information search. 
1.2. Emergency Medicine  
This section provides an overview of emergency medicine from the different 
perspectives of the practitioners’ literature and cognitive literature, while illuminating the 
importance of contextual influences on information gathering. Cognitive literature has 
addressed decision processes in emergency medicine in part, particularly diagnostic 
processes. Unfortunately, many other aspects of emergency medicine have been 
overlooked, including setting goals for individual patients, working under time pressure, 
working under contextual or environmental influences, and the dynamic nature of 
emergency care. This section proceeds in four subsections:  Goal establishment, Goal 
enactment, Medical expertise, and Developing expertise, incorporating perspectives from 
the domain practitioners and laboratory oriented cognitive research. 
1.2.1. Goal establishment. The following example illustrates the importance of 
information gathering to problem solving and the interaction between information 
gathering and goal establishment and goal enactment behaviors: 
A patient with a history of hypertension is in the emergency room with a severe 
headache. After getting the patient’s history and performing her exam, the resident 
reports to the attending physician and says she wants to give Lopressor (a blood 
pressure medication) to lower the patient’s blood pressure; the attending says that is 
fine as long as the patient isn’t on cocaine. The resident had not asked about cocaine 
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use and returns to the room to check; the patient reports that she used cocaine 3 days 
ago. The resident had to use a different blood pressure medicine instead. 
When asked why the patient couldn’t get the first medicine, the resident says that 
with the cocaine it could have sent the patient’s blood pressure and pulse higher 
because “beta” would be blocked by the medicine and “alpha” would be stimulated 
by the cocaine. 
 The resident in this example had completely adequate medical knowledge to solve 
this patient’s problem. She was able to explain exactly why her initial choice was 
inappropriate for the patient. The problem arose because of inadequate information 
gathering. As a result of incomplete information, the resident set a suboptimal goal and 
nearly gave an inappropriate treatment. New information changed her goal and altered 
how that goal was enacted.  
1.2.1.1. Domain perspective. Goals must be set for individual patients, because 
what works for one patient may be inappropriate for another (Powsner, 2007). 
Emergency physicians establish their goals differently than physicians in other 
specialties. Emergency department (ED) doctors are more concerned with getting the 
patient the appropriate care or referral than in diagnosing a specific problem (Feufel, 
2009). Their main concern is whether a patient is sick or not sick--whether a patient 
needs immediate care or if the patient can safely be seen in follow up. Although triage 
likely includes technically mediated vital signs, much of goal setting (work up for 
admission or treat and release) can arise from interacting with the patient directly. Indeed, 
over 100 years ago, Sir William Osler emphasized the importance of simply listening to 
the patient (Martin, Haskard-Zolnierek, & DeMatteo, 2010).  
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1.2.1.2. Cognitive perspective. The initial goals of a task influence later thought 
processes and action (Simon, 1973). Goal setting processes are therefore critical to 
problem solving. Yet, diagnosis goals are predetermined with laboratory tasks using 
paper patients, neglecting this important aspect of problem solving. Experts demonstrate 
a superior ability to anticipate and therefore prepare for future events (Charness & 
Tuffiash, 2008; Ericsson & Lehmann, 1996). In another domain, Bereiter and 
Scardamalia (1986) suggested that expert writers can struggle more than novice writers 
precisely because experts set goals for themselves that create more complex problems to 
solve. These findings imply that expert problem solvers possess skills that allow them to 
set complex, patient-specific goals for themselves. 
Although the broad cognitive literature acknowledges the importance of goal 
setting, cognitive studies of medicine assume that a “true” diagnosis is the doctors’ goal. 
But a true diagnosis does not align with the practice of emergency medicine. Feufel’s 
(2009) observations illustrated the dependence of goal setting on the context of the 
individual patient’s circumstances, the constraints of a particular work system, and the 
dynamic conditions present in the work environment. The present study extends Feufel’s 
study with quantitative evidence regarding the relationship between goal setting behavior, 
specifically information gathering, and the doctors’ broader shift and work context with 
distractions and idiosyncratic patient circumstances. 
1.2.2. Goal enactment. Goal enactment refers to the activities following the 
preliminary establishment of patient goals.  In the present domain, enactment depends 
heavily on technology. Doctors must actively manage patients, taking care to evaluate 
available evidence and test hypotheses to confirm that a plan is appropriate.  
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1.2.2.1. Medical domain. Time influences goal enactment in several respects. Ill 
patients can decline rapidly or surprisingly. Second, patients flow into the emergency 
room continuously. High patient volume and changing patient conditions generate intense 
time pressure. The emergency physician respects structural constraints and broader 
sociocultural constraints in negotiating goal enactment.  
1.2.2.1.1. Structural constraints. The American health care system is a complex 
network of different specialists, care providers, clinics, hospitals, offices, administrators, 
and insurance providers. Emergency physicians work within a network of care providers 
and the medical community has recognized systems-based practice as one of the core 
competencies that residents and physicians must master in order to deliver high quality 
medical care (Johnson, Miller, & Horowitz, 2008). Systems-based practice focuses on 
understanding the interconnections of the medical system and focusing on the system as a 
whole rather than individual interactions as the unit of analysis (Johnson, Miller, & 
Horowitz, 2008; Moran-Barrios & Gauna-Bahillo, 2010).  
1.2.2.1.2. Sociocultural constraints. More broadly, emergency medicine is a 
culturally constrained domain with values and norms guiding effective practice. 
Adherence to norms constrains response and simultaneously facilitates coordination 
among the community of health providers (Croker, Loftus, & Higgs, 2008; Foy et al., 
2010; Johnson, Miller, & Horowitz, 2008; Martin, Haskard-Zolnierek, & DiMatteo, 
2010). Doctors must be able to justify their decisions to the larger medical community 
and to the patients themselves and must work with these entities to enact their plans. An 
expert doctor must gather supporting evidence in order to document their reasoning, 
satisfy admitting doctors (in the case of Emergency Medicine) and avoid potential 
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liability. Interaction with other departments and specialties within and outside the 
hospital requires sophisticated knowledge of values; misunderstandings can lead to 
breakdowns in care. 
Doctors must also interact well with patients (Antoniou, Antoniou, Granderath, 
Mavroforou, Giannoukas, & Antoniou, 2010; Haas et al., 2008; Johnson, Miller, & 
Horowitz, 2008; Martin, Haskard-Zolnierek, & DiMatteo, 2010; Moran-Barrios, & 
Gauna-Bahillo, 2010; Weinberger, Pereira, Iobst, Mechaber, Bronze, & the Alliance for 
Academic Internal Medicine Education Redesign Task Force II, 2010). Communication 
skills are among the criteria used to evaluate emergency medicine residents, in addition to 
medical skill (Emergency Medicine Residency Daily Evaluation Form, 2011). 
Practitioners must often balance competing interests in the delivery of care (Atkins & 
Ersser, 2008; Engestrom, 1993). For instance, the cultural value of fast care delivery may 
conflict with the value of cost effectiveness or may make it more difficult to make a 
patient feel cared for as an individual, and a doctor must know how to adjust behavior in 
order to satisfy as many constraints as possible.  
1.2.2.2. Goal enactment in the cognitive (research) literature. The cognitive 
literature virtually ignores the influence of structural constraints on medical reasoning.  
The general cognitive literature contains pockets of acknowledgment for the relevance of 
sociocultural constraints to reasoning, whereas a more specific literature on heuristics in 
medicine incorporates sociocultural constraint as an influence on reasoning quality.  
1.2.2.2.1. Sociocultural constraints. The cognitive literature acknowledges that 
medical knowledge is context-bound and must be used within a social context (Higgs, 
Fish, & Rothwell, 2008). One must be able to use knowledge effectively within the 
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environment (Higgs & Jones, 2008; Larsen, Loftus, & Higgs, 2008; Sternberg & Wagner, 
1994). Just as technical systems impose constraints on operator action (Rasmussen, 
Pejtersen, & Goodstein, 1994; Vicente, 1999), the larger social context of practice 
imposes constraints on patient care, and it is important to recognize and understand how 
experts negotiate these constraints. Expertise is executed in a physical environment that 
includes other people and resources; the resources at one’s disposal influence reasoning 
(Hutchins, 2005; Zhang & Norman, 1995). 
Bruner’s (2008) work on culture pointed out that the local and global cannot be 
separated in culture; one level cannot be accounted for without the other. The same can 
be said of individual actions within a work context. The entire activity system should be 
the unit of analysis (Engestrom, 1993). The institution in which cognition occurs sets 
limits on what is permissible (Bruner, 2008).  
1.2.2.2.2. Domain heuristics. According to the cognitive literature, domain-
specific norms and heuristics guide the selection and execution of action (Ritchhart & 
Perkins, 2005). The factor that most impacts the effectiveness of heuristics is whether the 
heuristic fits with the environment. A heuristic will only perform well if it is suited to the 
environment in which it is used (Todd & Gigerenzer, 2007). The mind resembles an 
“adaptive toolbox” with different heuristics for different situations, with the task being to 
determine the appropriate heuristic for a given situation (Gigerenzer, 2008).  
 The fit between the heuristic and the environment is called ecological rationality 
(Gigerenzer, 2008; Todd & Gigerenzer, 2007). Humans act in an ecologically rational 
way because the environment has shaped the mind through learning and evolution (Todd 
& Gigerenzer, 2007). We are naturally attuned to determine the correct method for a 
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particular situation or environment and seem to make this judgment intuitively 
(Gigerenzer, 2008).  
Different situations have different requirements for how simplified they should be 
or how much information should be ignored. A thinker should ignore all past information 
for random events such as a roulette wheel, whereas the thinker should not ignore any 
information for events that are completely predictable. Most situations fall somewhere in 
between these two extremes (Gigerenzer, 2008). Heuristics are not used completely 
automatically, however, and prior domain knowledge plays a part in determining whether 
a heuristic is accepted as accurate (Richter & Spath, 2006). 
Feufel (2009) described many of the heuristics that emergency doctors use (such 
as “sick/not sick”, “common things are common”, or “worst-case”) and how they fit with 
the work environment, termed bounded rationality. 
1.2.3. Medical expertise. The previous sections sketched the broad characteristics 
of the practice of emergency medicine but have not explicitly addressed the accounts of 
truly expert practice. The next section considers two bases for distinguishing excellence: 
outcome and process.   
1.2.3.1. Outcome accounts of medical expertise. Ericsson and Ward (2007) 
proposed that experts should be defined and identified based on consistently high levels 
of performance. Ericsson’s expert-performance approach, for example, seeks to define 
experts based on superior performance such as doctors who produce better treatment 
outcomes and accurate diagnoses (Ericsson, 2007). The medical community is attempting 
to evaluate and advance residents based on demonstrated competencies rather than on a 
fixed timeline (Weinberger, Pereira, Iobst, Mechaber, Bronze, & the Alliance for 
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Academic Internal Medicine Education Redesign Task Force II, 2010). Criteria based on 
performance (diagnostic accuracy, treatment effectiveness, etc.) replace experience to 
determine which doctors are experts. 
Error can result from the absence of expertise. In medicine the consequences of a 
mistake range from loss of life to increased cost or poor health for a patient through 
delayed diagnosis and an increased number of doctor visits, tests, and inappropriate 
treatments. The average rate of misdiagnosis across all specialties is 15% (Berner & 
Graber, 2008).  
Defining performance should not be limited to diagnostic accuracy or treatment 
effectiveness. Social norms are also an important aspect of performance. An expert 
should demonstrate high performance on both objective task measures and socially 
defined criteria for performance. Industrial/Organizational psychology has recognized 
this issue through constructs such as organizational citizenship behaviors (OCB) and 
counterproductive work behaviors (CWB) which represent behaviors that do not relate 
directly to work tasks but are nonetheless related to job performance (Rotundo & Sackett, 
2002). 
The efforts of physicians and applied researchers to generate domain-oriented 
operationalizations of expertise contrasts with the practice of research psychologists. 
Most studies of expertise have identified experts based on experience, education, or 
certification. Medical experts are defined typically in terms of being certified by 
sanctioned licensing bodies, particularly for subspecialties such as cardiology (Patel, 
Arocha, & Kaufman, 2001). Although performance is often the dependent variable of 
interest in expertise research, it is seldom used to define who the expert participants are. 
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Studies that use these superficial criteria cannot truly identify what processes separate 
experts from novices (Ericsson & Ward, 2007).   
1.2.3.2. Process. Cognitive accounts of expertise generally focus on process, 
including abductive reasoning, metacognition, and to a limited extent, information 
gathering.  
1.2.3.2.1. Abduction. Bodies typically work in a certain way, and when a 
deviation (a symptom) occurs it is a surprising, potentially threatening event that requires 
explanation. According to Peirce, a thinker encounters a surprising Event C and 
hypothesizes that if Fact A were true, Event C would make perfect sense. The presence of 
C therefore gives reason to suspect that Fact A is true (Fann, 1970; Kruijff, 2005). This 
process is known as abduction. Doctors look at the symptom and create hypotheses as to 
the potential things that can lead to that symptom or constellation of symptoms. The 
generation of hypotheses is successful despite the huge odds of selecting incorrectly 
because of a “guessing instinct” whereby we are attuned to how nature works, thereby 
capturing expertise. Hypothesis generation is a process of combining this instinct or 
inference with our prior knowledge of the world (Fann, 1970; Kruijff, 2005). Generated 
hypotheses are selected for further investigation based on how well a hypothesis explains 
a phenomenon, how testable it is, and how practical the test is to carry out (Kruijff, 
2005).  
1.2.3.2.2. RPD. The Recognition-Primed Decision making (RPD) model (Klein, 
1989), originally specified for the domain of fire fighting, proposes that when experts 
make decisions, they rarely deliberate between options. Instead, the decision maker 
recognizes a situation as representative of a certain type and selects an action based on 
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experience regarding the fit for that type of problem. Rather than spend time deliberating 
between options, the decision maker performs serial mental simulations of the potential 
actions to evaluate their fit. The first satisfactory action gets chosen (Klein, 1989). 
Klein’s RPD model is generally consistent with Patel and Groen’s (1986) forward 
chaining account of medical expertise. 
Klein (1989) proposed that there is a continuum of tasks and situations from 
highly analytical to purely recognition-based, with some tasks favoring RPD and others 
favoring a more evaluative approach. This is consistent with dual-process approaches to 
problem solving, which say that unconscious processes and more deliberate, analytical 
processes work simultaneously to complement one another (Smith & DeCoster, 1999). 
The unconscious system is fast and allows for creativity, while the analytical system acts 
as a filter and guide (Sloman, 1996). Automatic, associative processes allow experts to 
recognize a situation quickly, while more deliberate processes help to regulate behavior. 
This phase of RPD is critical because it lets the decision maker recognize a situation as 
familiar and decide how to proceed.  
1.2.3.2.3. Metacognition. Several studies have found that experience alone does 
not predict performance, implying that the pattern recognition hypothesis may be 
incomplete (Ericsson, 2006; Ericsson & Lehman, 1996; Ericsson & Ward, 2007). Experts 
can perform tasks quickly and efficiently, but when data are not complete or are accepted 
too readily, abduction will lead to poor hypotheses and automatic processes such as 
pattern recognition will be ineffective. The abductive thinking that physicians engage in 
is supposed to be a deliberate process of moving from premise to conclusion, with the 
thinker remaining in control throughout the process (Anderson, 2005; Kruijff, 2005). Part 
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of being a good thinker is reflecting on what has been done thus far and being receptive 
to new ideas (Anderson, 2005; Kruijff, 2005). Expert clinicians are able to recognize the 
difficulty level of cases (Berner & Graber, 2008).  
Increased domain understanding also eventually allows experts to evaluate their 
performance independently (Ericsson, 2006). Although automatic recognition and 
responses are still important to experts, automaticity does not account for everything. 
Planning, reasoning, and anticipation are all involved in expertise (Ericsson & Lehmann, 
1996).  
Misdiagnoses may be examples of physicians applying inappropriate patterns and 
setting suboptimal goals for themselves when treating patients. More accurate doctors 
may be performing behaviors that allow more appropriate goals to be set relative to 
doctors with higher error rates. Doctors who supervise medical students are somewhat 
less vulnerable to certain reasoning errors. A possible explanation is that supervision may 
allow implicit knowledge to be acquired and then made explicit through explanation to 
the student (Roswarski & Muray, 2006). This explicit knowledge allows supervising 
physicians to be more aware of the actions that can improve performance and allow more 
deliberate control over decision making. 
1.2.3.2.4. Information gathering.  The research pertaining to information 
gathering generally concerns the use of existing information. Experienced physicians 
demonstrate an improved ability relative to inexperienced physicians to select diagnostic 
features from photographs (Brooks, LeBlanc, & Norman, 2000; Kulatunga-Moruzi, 
Brooks, & Norman, 2004). Providing a full list of diagnostic features, however, can cause 
a decline in diagnostic performance (Kulatunga-Moruzi, Brooks, & Norman, 2004). 
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Expert physicians are better able to identify relevant information and are better able to 
use this information to make inferences (Patel, Arocha, & Kaufman, 2001; see Ericsson 
& Lehmann, 1996 for review of other articles).  
The above studies do not include the process of gathering information in a time-
sensitive and cost-driven setting. Yet, part of controlling reasoning is developing habits 
that make good observation more likely to occur (Anderson, 2005). The difference 
between people who reason well and those who reason less well is likely to be in the 
ways that they go about forming and exploring a problem in the context of constraints 
imposed by the work domain.  
1.2.4. Developing expertise. The previous sections have sketched the general 
conceptualization of medical reasoning, and the nature of particularly expert reasoning.  
The present section concerns the transition from expert to novice, reinforcing the 
conceptualization of expertise as well as the learning process.  
 Dreyfus and Dreyfus (2005) described a five-stage model of developing expertise 
in which the learner gradually moves from operating based on context free rules to 
operating based on context-driven perception of the problem and the associated solution 
without using any rules at all. Experts gradually acquire patterns and knowledge based on 
memory for past situations and actions. Ericsson (2006) proposed an expansion to the 
pattern recognition process involving deliberate practice to develop expertise. He asserted 
that experience alone will allow people to reach an acceptable level of performance and 
then level off with no additional improvement. Such routine experience will not add to 
performance once a skill can be executed automatically (Ericsson, 2008).  
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Those who continue to improve and reach expert-level performance extend their 
skill building with non-routine, deliberately directed practice that targets various skills. 
An example is chess experts who enhance their skill by studying the games of Grand 
Masters during tournaments and trying to select the same moves. If a discrepancy in 
move selection occurs, the student examines why that occurred and what could have been 
missed. The learner becomes trained to analyze the board in the same way as Grand 
Masters (Ericsson, 2008). Miller (1978) discussed the notion that practitioners can be 
separated into artisans and virtuosos. Artisans demonstrate the ability to use the 
sequential, rote procedures of a field whereas virtuosos are able to think constructively 
beyond these procedures to go beyond artisan performance. According to Ericsson’s 
view, routine experience will only produce artisans, whereas deliberate practice will 
develop virtuosos.  
The deliberate practice framework assumes that expertise develops gradually and 
that improvement requires suitable training tasks mastered sequentially, often under the 
supervision of a coach (Ericsson, 2006). In support of deliberate practice, Ericsson (2006) 
pointed to studies that have shown that the highest performers in several domains have 
developed their skills with deliberate practice that lower performers did not do. In 
addition, both the development and maintenance of expertise benefit from deliberate 
practice and feedback (Ericsson & Ward, 2007). 
Deliberate practice leads to enhanced performance by producing quantitative and 
qualitative changes in representations of task knowledge (Charness & Tuffiash, 2008). 
These changes allow experts to more effectively plan, monitor, and reason about 
performance (Ericsson & Ward, 2007). Deliberate practice helps promote the ability to 
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break a problem into its component parts and understand the relationships within a 
problem.  
Such accounts of learning can downplay the influence of instructional practice.  
Instruction in emergency medicine begins with several years of largely classroom 
activity, devoted to clinical knowledge related to the diagnosis and treatment of disease.  
Upon completion of medical school, doctors enter a residency program designed to 
impart the skills of practicing a particular specialty.  Residency in emergency medicine is 
a three-year program. While in school, medical students may shadow clinicians; the 
residency provides scaffolding for the acquisition of practical skills. By the second year, 
residents typically conduct goal establishment activities relatively independently and 
review their goals and enactment plans with a supervising attending physician.   
1.3. Present Study 
Information gathering appears key to the execution of expertise.  We must 
account for the iterative nature of information gathering in a time-sensitive and cost-
driven environment and explore possible variation between experts and novices in how 
information is gathered or used to make decisions in complex, time sensitive socio-
technical settings. The types of information doctors seek and where they seek it has not 
been well described in the literature.  
I propose a relationship between experience and information gathering. Experts 
may be gathering more complete information or higher quality information to use in their 
thought processes. Miller (1978) proposed that the best performers in a given area are 
able to identify rich sources of information, which allows them to learn more and learn 
more quickly than someone who is less adept. As Miller (1978) put it, the lower 
 
 17 
performers consider all information equally and their “mill grinds slowly” (p. 284), 
whereas experts can gather quality information quickly in order to reach a conclusion 
rapidly. Doctors do not necessarily gather all available information; rather, they gather 
enough details or quality information to make an accurate judgment (Feufel, 2009). The 
present study documents the differences between novices and experts, including 
accommodation to the demands of the work setting with quantitative evidence. 
We must begin to explore decision making for patient care beyond diagnosis. 
Once a problem is identified, it must be treated, and we need to investigate how doctors 
choose to address patient problems while coordinating the patient’s needs with the 
capabilities of the work system. Doctors must abide by hospital policy and resource 
limitations, must continuously prioritize changing tasks, and must navigate a complex 
health care network of providers and financial/legal considerations. Doctors are unlikely 
to perform all of these tasks equally, and the differences between the most experienced or 
successful doctors and their less expert counterparts are likely to provide insight into the 
evolution of expert thought processes.  
Existing studies that point out differences in information gathering do not directly 
investigate potential influences on these types of behaviors (Schriver, Morow, Wickens, 
& Talleur, 2008). The case studies that motivate the present work cannot tease out 
correlated influences on behavior such as patient difficulty, shift difficulty, hospital and 
experience.  Further, quantifying patterns of behavior will contribute to methods for 
evaluating both physician reasoning and the instructional processes that shape it.  
This research consists of fieldwork in local hospitals to examine information 
gathering behaviors in physicians with varying levels of experience. Physicians were 
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shadowed in an emergency department during shifts in actual working conditions. Data 
were collected on physician reasoning, behaviors, and common issues that arise. This 
study explored the behaviors of physicians as they establish and enact care goals for 
patients. These types of behaviors were recorded for indications of hypothesis testing 
behavior, patient management behavior, and evidence evaluation. Records of information 
gathering behavior include the source and nature of the information such as patient 
interviews and scans. This study is expected to specifically describe the kinds of 
behaviors that medical experts display and provide more general insight into the 
deliberate aspects of skilled information gathering behavior that can be quantified later in 
a controlled setting to investigate the mediating factors that lead to these behaviors such 
as situational factors or individual differences. 
However, this study does not quantify performance independently, so we cannot 
define a priori groups of experts and novices without appeal to years of experience. This 
study is therefore exploratory and descriptive in nature, attempting to identify the 
different behaviors that distinguish doctors from one another and the variables that 
influence those doctors’ behaviors. We leave evaluations of the desirability of these 
behavioral patterns to the medical community.  
1.4. Hypotheses  
 
I expect that physicians will vary in their information gathering behaviors in 
setting and implementing goals while treating their patients. These differences will be 
driven by experience and environmental factors. This is an exploratory study, so I do not 










Twenty six emergency department (ED) physicians in various stages of training 
served as research subjects. Nine subjects each were second year residents and attending 
physicians, whereas eight subjects were third year residents. Residents were recruited 
through a general announcement at a weekly lecture as well as through individual emails. 
Attending physicians were recruited through an announcement at a monthly staff meeting 
and individual emails. First year residents were not shadowed in order to keep the 
number of observations limited to a manageable number.  First year residents also were 
presumed not to have had enough experience to begin to settle into their preferred 
personal approach to practicing medicine, which makes it more difficult to compare their 
behaviors to other doctors’ behaviors.  
Participation depended on the compatibility of predetermined subject work 
schedules with a counterbalancing scheme for time of day and day of the week (see 
procedure below). In this way subject selection was not completely random although 
presumably any resident or attending would have an equal chance of participation within 





2.2. Two Hospitals 
 Observations occurred in the emergency rooms of two different teaching hospitals 
associated with the medical school of a public Midwestern university. One hospital was a 
suburban ED with approximately 40 beds that served patients that were primarily older, 
Caucasian, and insured. The suburban hospital used a paper-based record system 
including t-sheets, which served to document the patient interview and care process. The 
other hospital was an urban ED with approximately 60 beds that served patients that 
varied in age, with a large percentage of minority and uninsured patients. The urban 
hospital used an electronic system. Nurses at the urban hospital had a greater tendency to 
order lab tests independently, compared to nurses at the suburban hospital.  
2.3. Procedure 
Each subject was shadowed one time for the duration of an entire work shift 
(generally lasting 10 hours or more). Shifts were counterbalanced across hospitals, day of 
the week, and time of day. Early week shifts occurred on Monday and Tuesday.  
Midweek shifts occurred on Wednesday and Thursday.  Weekend shifts occurred on 
Friday, Saturday, and Sunday. Time of day followed the domain distinction of with day 
shifts from approximately 7:00 am to 6:00 pm; afternoon/evening shifts from 
approximately 11:00 am to 11:00 pm and night shifts from approximately 6:00 pm to 
7:00 am. Observation occurred over a period of 18 months. 
A single observer shadowed individual subjects as they performed their work 
tasks, including patient interviews and exams, documentation, and interacting with 
hospital staff. The observer took handwritten notes of all directly observable actions or 
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thoughts articulated by the physician, using a stopwatch for timestamps. The observer 
asked questions for clarification when convenient.  
In light of the fact that it was impossible to be unobtrusive, a level of participation 
between unobtrusive and participant observation was adopted. The observer asked 
general questions such as “what are you thinking about this patient?” or “do any lab 
values jump at you?” to avoid potentially leading the doctor. The rationale for this 
decision was that the observer should not be a distraction, but being open and helpful 
would be more likely to generate goodwill and prompt the doctors to share their thought 
processes, as well as make the observation more pleasant for all involved. In the handful 
of cases where a doctor did ask the observer to get a blanket or something similar, this 
was noted in the observation notes and coded as if the doctor had asked a staff member to 
do the same or had done it themselves.  
Patients gave verbal consent to have the observer present during interviews after 
receiving an explanation of the study from the doctor who was being observed. Sensitive 
exams such as rectal or pelvic exams were not observed. No patients refused to allow the 
observer to be in the room for interviews, but in some cases the doctor forgot to explain 
the study to the patient or the patient was not in a state to give consent. Data from these 
patients were excluded from the analysis. Information that could be used to identify 
patients or doctors was not recorded at any time.  
2.4. Analysis 
2.4.1. Dependent measures. The dependent measures for this study corresponded 
to many facets of practicing emergency medicine, including patient care, documentation, 
prioritizing workflow, and structuring work to fit within the constraints of the hospital 
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structure. A coding scheme distinguished between information gathering behaviors, 
diagnostic behaviors, evidence evaluation behaviors, patient management behaviors, 
system management behaviors, and filtering behaviors (see Table 1). This coding scheme 
resulted from an iterative modification of a priori categories during initial applications of 
the scheme, with six final categories:  Information gathering, diagnostic behavior, 
evidence evaluation behavior, patient management behavior, system management 




Listing of the Behavioral Variables 
 
2.4.1.1. Information gathering behaviors. Information gathering behaviors were 
behaviors used by the doctors to generate facts about the case at hand. These behaviors 
differed in both the source and type of information. Sources of information included 
exams, tests and imaging, the patient, the patient’s family or friends, medical records, 
hospital staff, the patient’s regular doctor, the internet/reference materials, and 






























workstation. The patient’s regular doctor was used only extremely rarely; thus it was 
combined with miscellaneous sources of information.  
 Type of information included current symptoms, timeline, past medical 
information, contributors, reference, and other types of information. Current symptoms 
directly related to the course of the present illness or described the patient’s experience of 
their symptoms. Timeline information described how the current problem was 
progressing or how long the patient has been having problems. Past medical information 
related to previous or ongoing/chronic medical issues. Contributors included non-
symptoms or non-medical factors related to the current problem or potentially 
exacerbating conditions, such as risk factors or compliance with the schedule for 
maintenance medications. Reference information included textbook information such as 
how drugs interact or looking up clinical rules. Other information was not directly tied to 
the patient’s illness such as who the patient’s family doctor was.  
2.4.1.2. Diagnostic behaviors. Diagnostic behaviors were intended by the doctors 
to establish a cause for symptoms or eliminate potential causes from consideration. 
Examples of diagnostic behaviors included using treatments as diagnostic tools or 
eliminating alternative hypotheses. 
2.4.1.3. Evidence evaluation behaviors. Evidence evaluation behaviors pertained 
to the evaluation of the completeness of one’s understanding of the situation or the 
quality of available evidence. These behaviors were used by the doctors to examine the 
assumptions or limitations of tests, the reliability of patient histories, the extent to which 
evidence supports a hypothesis, or mitigating factors such as a patient’s baseline values. 
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In essence, these behaviors helped the doctor determine what symptoms and findings 
demanded consideration.  
2.4.1.4. Patient management behavior. Doctors used patient management 
behavior to treat or otherwise manage patients during their stay in the emergency room. 
Patient management behaviors included collaboration, treatment, consulting, and 
logistics. Collaboration involved the patients in their care or kept them abreast of what 
was happening. Examples of these behaviors included updating the patient, asking if they 
had any questions, or offering the patient reassurances or comfort. Treatment behaviors 
related to regulating a patient’s condition with the administration of fluids or medicine. 
Consulting behaviors involved soliciting or offering advice on how best to care for a 
patient. Logistic considerations intended to maximize the patient’s benefit within the 
medical system. These behaviors may involve choosing treatments with better insurance 
reimbursement for the patient, taking action to minimize patient stay or resources used, or 
making sure that a treatment or test is appropriate for a patient.  
2.4.1.5. System management behavior. Behaviors that aided the doctor in 
working within the constraints of the hospital or the larger health care system were coded 
as system management behaviors. Examples of these behaviors included working around 
an unusually busy lab or deciding what type of specialist should be contacted. Little 
tricks or workarounds such as using a rubber glove as a substitute for a finger tourniquet 
also fell in this category. 
2.4.1.6. Filtering behavior. Filtering behaviors involved limiting the problems 
that the doctor had to address and determining the scope of the patient’s complaint. For 
example, if a patient had chest pain and a headache but stated that they took nitro for the 
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chest pain, the headache could be explained as a side effect of the nitro and disregarded 
as a serious problem. Similarly a patient may separately complain of abdominal pain and 
a rash, but the doctor may decide to address the abdominal pain and leave the rash for the 
patient’s follow up provider.  
2.4.1.7. Reliability check. The observations from six shifts were recoded for 
reliability after a 5-month interval. I compared recoded observations to the original codes 
and computed the number of instances of agreement for both observations, instances of 
affirmative codes for the original but a behavior was not coded the second time, instances 
in which a behavior was not coded the first time but coded the second time, and instances 
in which a behavior was not coded in both observations. These categories were summed 
across all six observations in order to try to ensure adequate sample sizes. Reliability for 
each variable was assessed individually using Cohen’s Kappa. The totals for each 
category were entered into a 2 x 2 contingency table for analysis. Cohen’s Kappa values 
for the variables indicated that coding was sufficiently reliable. See Table 2 for the totals 









Totals and Cohen’s Kappa Values for the Behavioral Variables 
 
 Although all of the variables were judged to be reliable, some behaviors were 
coded more reliably than others. This is particularly true for behaviors such as filtering 
and using miscellaneous sources of information. The moderate kappa value can be 
attributed to the extreme values for the category in which the variable was never coded 
(e.g., correct rejections). We felt it was important to account for instances of correct 
rejection in addition to instances of correct identification, however. In addition, the 
variables that were least reliable eventually dropped out of the analysis and ultimately did 
not contribute to the findings of the study (see results of the factor analysis below).  
2.4.2. Predictor variables. 
2.4.2.1. Patient level. Only a single measured variable distinguished between the 
several patients that a doctor saw: a three-level patient difficulty measure.  







Patient 1479 78 97 2618 0.91 0.01 0.90 0.93
Contributors 235 27 55 3501 0.84 0.02 0.81 0.87
Evidence Evaluation 404 125 103 3319 0.75 0.02 0.72 0.78
Diagnostics 279 41 52 3486 0.84 0.02 0.81 0.88
Tests/Images 364 87 43 3484 0.83 0.02 0.80 0.86
System Management 410 86 47 3258 0.84 0.01 0.81 0.87
Collaboration 1021 112 70 3092 0.89 0.01 0.87 0.91
Logistics 168 134 25 3458 0.66 0.03 0.61 0.71
Internet/Reference 14 1 1 3750 0.93 0.05 0.84 1.00
Reference Information 14 1 1 3750 0.93 0.05 0.84 1.00
Exam 413 16 11 3459 0.96 0.01 0.95 0.98
Family/Friends 99 8 21 3675 0.87 0.02 0.82 0.92
Medical Records 250 33 49 3575 0.85 0.02 0.82 0.88
Staff 333 27 56 3586 0.88 0.01 0.85 0.90
Miscelaneous Info. Source 28 26 31 3690 0.49 0.06 0.37 0.60
Current Symptoms 1705 196 141 2496 0.85 0.01 0.83 0.86
Timeline 63 16 9 3683 0.83 0.03 0.77 0.90
Past Medical Information 684 50 112 3163 0.87 0.01 0.85 0.89
Other information 185 90 81 3457 0.66 0.02 0.61 0.71
Consult 73 51 8 3637 0.71 0.04 0.63 0.78
Treatment 250 36 46 3537 0.85 0.02 0.82 0.88
Filtering 25 27 13 3704 0.55 0.06 0.43 0.68
Note. CR = Correct Rejection (variable was not coded each time). Kappa = Cohen's Kappa
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Patient difficulty. Patient differences, individually, and aggregated across a shift 
were considered highly likely to affect doctors’ behaviors. In addition, an estimate of 
patient difficulty permitted the examination of other potentially correlated contextual 
effects, e.g., patient difficulty and hospital.  
I calculated a difficulty score for each patient based on a subjective assessment of 
the amount of effort invested by the doctor for each patient seen during a shift. This score 
reflected the overall amount of work required to treat the patient (including actions not 
necessarily included in the quantitative analysis) but did not necessarily reflect the 
complexity of the patient’s problem. Patients who required little workup or were very 
straightforward (known in the ED as “treat and street” patients) received a one. Patients 
who required some workup or intervention with limited complexity (the average patient) 
received a two. Difficult patients or patients with complicated complaints that required a 
large amount of the doctor’s time or attention received a three. A three-category rating 
scale provided enough distinction between patients to be useful but was not so fine-
grained as to overstep the limitations on exact measurement inherent in an observational 
study.  
Subjective judgments substituted for lack of access to objective records such as 
the patient’s itemized bill or final diagnosis.  Absolute counts of the number of tests or 
treatments required were not used because we wanted to minimize the coupling between 
the measures of patient difficulty and the measures of physician action. Instead, gross 
estimations of the number of tests or treatments were weaved into other subjective 
assessments such as how demanding or uncooperative a patient was and how confused or 
frustrated the patient appeared to make the doctor, along with how much effort (phone 
 
 29 
calls, etc.) was required to ultimately disposition the patient. We wanted to create a high-
level description of each patient’s contribution to the overall shift context. The individual 
patient scores served as the basis for a total shift difficulty score. In the case that a patient 
was outside of the direct care of the doctor being shadowed, that patient’s difficulty score 
was not included in the shift difficulty score.  
Based on the rating definitions, the “average” patient was supposed to be scored a 
two, and the mean patient difficulty score across all 233 patients was in fact 1.98, 
implying that scoring was reasonably sound. Patient difficulty was tested for reliability 
by recoding the patients from the same six observations used to check behavioral coding. 
Weighted Cohen’s Kappa was 0.73, indicating reliable ratings.  
2.4.2.2. Doctor level. Three predictors differed between doctors: the difficulty of 
the doctor’s shift, the amount of experience the doctor had, and the hospital in which the 
doctor worked. Initial analyses revealed that shift difficulty and experience were 
correlated, which suppressed results. In order to combat this, shift difficulty and 
experience were reformulated until results were no longer suppressed. These changes are 
described below.  
Shift difficulty. A shift difficulty score summed the difficulty scores of the patients 
seen during the shift. Originally, all patients contributed to the shift difficulty score, 
including patients that did not know about the study and patients outside of the direct care 
of the physician being observed (see discussion of patient data), in order to better capture 
the broader context in which work occurred. However, this led to multicollinearity issues 
because shift difficulty correlated with experience, so the score was re-calculated to 
exclude patients not under the doctor’s direct care. This removed some of the artificial 
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correlation with experience because attending physicians are required to supervise the 
care of residents’ patients in addition to their own. 
Experience. Experience was originally a categorical variable, with second year 
residents, third year residents, and attending physicians each in their own group. This 
variable was changed to a continuous variable in order to further reduce the correlation 
between experience and shift difficulty. Second and third year residents were scored to 
have two and three years of experience, respectively. Each attending physician’s 
experience was calculated based on the year that the doctor graduated medical school. 
The attending physicians had between five and 31 years of experience, with a mean of 
13.2 years. 
Hospital. The hospital where the doctor worked was also included as a binary 
explanatory variable.  
2.4.3. Data exclusion. Patients who were not informed of the study were 
excluded from the analysis of physician behaviors. Patients outside the direct care of the 
physician being observed were also excluded. For instance, attending physicians 
supervise resident physicians. For the shadowed attending physician, only the attending 
physician’s exclusive patients contributed to the data set.  Patients under the care of a 









This patient interview serves as an introduction to the phenomenon at hand and 
clarifies the types of issues that this analysis is intended to address: 
1.   Attending: What brings you to the ED? 
2.   Patient: I had crushing pain across my chest suddenly. 
3.   Attending: What time did that happen? 
4.   Patient: About an hour and a half ago. 
5.   Attending: How long did it last? 
6.   Patient: About 10 minutes. 
7.   Attending: What were you doing when it happened? 
8.   Patient: I was doing yard work and then I sat down and it started. 
9.   Attending: Did you feel short of breath or sweaty or pale? 
10. Patient: No, none of that. 
11. Attending: Did you get nauseous or vomit? 
12. Patient: No. 
13. Attending: And the pressure goes across both sides of the chest? 
14. Patient: That’s right. 
15. Attending: Does the pain go into your jaw, neck, or back? 
16. Patient: No. I got x-rays on my back two weeks ago for back pain but they       
      were ok. 
17. Attending: What was the back pain? 
18. Patient: They suspected something with my sciatic nerve. 
19. Attending: Have you had any fever or cough? 
20. Patient: No. 
21. Attending: Does anything help or make the pain worse? 
22. Patient: No. I took aspirin when it happened, too. 
23. Attending: Is there any discomfort now? 
24. Patient: No. 
25. Attending: Have you noticed any swelling in your legs? 
26. Patient: No. 
27. Attending: Is there any abdominal pain? 
28. Patient: No. 
29. Attending: Are you taking any meds for any other conditions like diabetes? 
30. Patient: (The patient tells the attending what medications she uses but I miss  
      them.) 
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31. Attending: Are there any surgeries I should know about? 
32. Patient: No. 
33. Attending: Have you ever had a heart attack or a stroke? 
34. Patient: No.  
35. Attending: Have you ever had a clot? 
36. Patient: No. 
37. Attending: Have you ever had a stress test? 
38. Patient: No. 
39. Attending: Are there any other conditions that you want me to know about? 
40. Patient: I had a lumpectomy years ago. 
41. Attending: Are you a smoker or have you ever smoked? 
42. Patient: No. I have a history of stroke in my family, though. 
43. Attending: Have you been taking all of your blood pressure meds? 
44. Patient: (I miss the answer.) 
45. Attending: Your blood pressure is high right now and I’ll check your heart.  
      The EKG looks OK but ED EKGs only pick up about half of heart attacks… 
 46. The attending listens to the patient’s back and chest. 
 47. Attending: Can you show me where the earlier back pain was? 
 48. Patient: It started in my back and shot down my leg and ankle. 
 49. Attending: Who is your family doctor? 
 50. Patient: (The patient gives her doctor’s name.) 
 51. Attending: Have you ever seen a cardiologist? 
 52. Patient: No. 
 53. The attending feels the patient’s ankles and rechecks her blood pressure. 
 54. Attending: Is there anything I can do to make you feel more comfortable? 
 55. Patient: My head is down… 
 56. Attending: I’ll raise the bed for you (attending raises the bed). 
57. Attending: We’ll do some IV meds for your blood pressure and some blood  
      tests to check your heart. You’ll probably stay in for observation tonight.  
58. I ask about the attending already knowing that the patient will be admitted  
      when we get back to the doctors’ station; the attending says “Yeah because    
      she’s in her 80s and she has a good story for angina. She’s worth keeping for    
      the night.” 
 
The patient interview is a complex exchange of information with the potential to offer 
useful insight into doctors’ decision making, but the relevant features of this interview 
require identification. The following analysis aggregates a large number of doctor 
behaviors into categories of behaviors or factors that potentially distinguish doctors from 
one another. We then relate these factors to aspects of the patient, the doctor’s 
experience, and the broader work context in order to explore doctors’ decision making in 
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the context of their environment and via comparison, identify some critical features of 
medical decision making. In this manner, quantitative analysis of doctors’ behaviors 
serves as a guide for interpreting qualitative exchanges. 
3.1. Overview of Analyses 
I subjected coded behaviors to quantitative analyses to discern patterns in the data 
(e.g., Cummings, 1980). An exploratory factor analysis consolidated the coded behaviors 
into three functions (factors), each including related behaviors. I then computed factor 
scores for each patient by averaging standardized scores of the original behaviors. These 
factor scores then served as outcome variables in a multilevel analysis to explore the 
independent variables that influenced doctor behavior. Outcome scores based on the 
factor analysis capitalizes on chance but the data were too limited to conduct analyses 
otherwise, and this is an exploratory study. Where appropriate, multilevel analysis 
permitted the exploration of differences in patterns of doctor behaviors, reflecting the 
different patients that presented to each doctor, gaining information from the nesting of 
patient within doctor. Shift difficulty, the hospital where the observation occurred, and 
the doctors’ experience level served as predictor variables. Additional analyses split the 
doctors based on experience in order to investigate further the effects of experience. 
Multiple regression analysis was used in the event that multilevel modeling was not 
supported by the data. 
Quantitative findings guide qualitative analysis. The quantitative results identify 
patterns of differences between doctors and work settings but could not illustrate the 
nature of these differences. Using the quantitative results as a guide, descriptive examples 
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of behaviors selected from the observation notes served as a springboard to generate 
explanations about the nature of these differences.  
We also examined the effects of our predictor variables on specific behaviors 
within the factors. Examining the individual behaviors in each factor helped better 
describe the nature of environmental variables’ effects on doctors’ behaviors and the 
nature of any adjustments to work context by the doctor. 
3.2. Factor Analysis for Data Reduction 
3.2.1. Factor analysis overview. Exploratory factor analysis served to reduce the 
numerous aspects of physician behavior across the sample of patients. Six outlier patients 
(exceeding +/- 5 standard deviations from the mean on any single behavior) were 
excluded from the analysis, resulting in a final sample of 233 patients.  
I examined each of the 22 types of behavior in an iterative factor analysis to 
determine relationships between behaviors and reduce the many singular measures of 
physician behavior into fewer, interpretable factors each representing a higher order 
construct.  
The initial factor analysis yielded a total of seven factors with eigenvalues (a 
measure of the variance in all of the variables accounted for by a given factor) greater 
than the standard cutoff of one. I retained a variable, i.e., a doctor behavior, if its loading 
exceeded .5 on a single factor and the difference in that variable’s loading on multiple 
factors exceeded .35 (with mild flexibility of a couple of hundredths to allow for 
conceptually convincing variable inclusion).  The full eigenvalue table appears in 
Appendix A. A scree plot with the variable groups on the x-axis and eigenvalues on the 
y-axis revealed three factors before the plot began to level out, signaling the limited value 
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of additional factors. The models meriting further examination retained three, two, and 
one factor(s). The three-factor model ultimately survived examination and appears last in 
this review of the models.  
3.2.2. Rejected model candidates. 
3.2.2.1. Two factor model. Unrotated and rotated factor loadings for the two 
factor model appear in Appendix B. Rotation produces factors that are easier to interpret. 
We used orthogonal (Varimax) rotation under the assumption that the resulting factors 
should be unrelated to one another. Factor 1 consisted of evidence evaluation (EvEval), 
diagnostic behaviors (Dx),system management behaviors (SysMgt), the tests or images 
ordered (TstImg), collaborative behaviors (Collab) and logistic behaviors (Logistics). 
Factor 2 contained looking up reference information (Reference), using the patient as a 
source of information (Pt), using reference materials as a source of information 
(NetRef),and finding out about contributors (Cont). Factor 1 thus appeared to represent 
behaviors intended to execute the doctor’s plan for the patient and accomplish the goals 
that have been set. Factor 2 combined both gathering information in a non-technical 
manner (via interview) to set goals and acknowledging uncertainty in medical 
knowledge. The lack of coherence in Factor 2 suspended further investigation of the two 
factor model, in favor of the three factor model.  
3.2.2.2. One factor model. The unrotated factor loadings of the one factor model 
appear in Appendix C. The single factor model contained finding out about current 
symptoms (CurSymp) and the patient’s medical history (PastMed), as well as evidence 
evaluation (EvEval) and using the patient (Pt) and tests and images (TstImg) as a source 
of information. The model also included diagnostic behaviors (Dx), system management 
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behaviors (SysMgt), using medical records (MedRec) and finding out about other 
information (Other). These variables did not coalesce into a conceptually coherent whole 
to explain differences between patients, suspending further study of this model.  
3.2.3 – Retained three factor model description. The three factor model 
appeared to be the most conceptually sound. The initial run of the analysis that retained 
three factors revealed Factor 1 to consist of evidence evaluation (EvEval), diagnostic 
behaviors (Dx), system management behaviors (SysMgt), using tests or images to gain 
information (TstImg), logistic behaviors (Logistics), and collaborative behaviors with the 
patient (Collab). Factor 2 contained gathering information from the patient (Pt), finding 
out about contributors from various sources (Cont), using physical exams as a source of 
information (Exam), and learning about the timeline of the current problem from various 
sources (Timeline). Factor 3 consisted of looking up reference information (Reference) 
and using texts or the internet (NetRef).  
Factor 1 contained action oriented management behaviors, Factor 2 consisted of 
gathering information from various potential sources, primarily related to the patient 
interview, and Factor 3 consisted of behaviors that indicated a recognition of uncertainty. 
This model contained conceptually coherent and distinct factors. Although the third 
factor contained only two variables, this uncertainty factor appeared useful for capturing 
some of the less experienced physicians in the analysis. The uncertainty variables 
contributed to the two factor model but did not fit well with the other information 
gathering variables in the two factor model discussed earlier. The three factor model 
separated these factors and contained a larger group of information gathering variables. 
For these reasons the three factor model warranted further study.  
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Because factor loadings depend upon the set of variables submitted for analysis, a 
subsequent analysis examined only the variables contained in one of the three factors. 
Subsequent iterations of factor analysis dropped variables (behaviors) that no longer met 
the loading criteria (as discussed above), until all remaining variables met the loading 
criteria. Three total iterations of the three-factor model resulted in a factor model for 
which all variables met loading criteria. I retained 10 variables in the final factor analysis. 
The contents of Factor 2 and Factor 3 (ranked by eigenvalues) switched during these 
iterations. All of the unrotated and rotated factor loadings for each step appear in 
Appendix D.  
Factor 1 in the final version contained the evidence evaluation behaviors 
(EvEval), diagnostic behaviors (Dx), system management behaviors (SysMgt), using tests 
and images to gather information (TstImg), logistic behavior (Logistics), and 
collaborative behaviors (Collab), hereafter referred to as the “goal enactment factor”. 
After the iterations, Factor 2 contained using the internet or reference material (NetRef) 
to find reference information (Reference) hereafter referred to as the “uncertainty 
reduction factor”. Factor 3 included finding out about contributing factors (Cont) and 
using the patient as a source of information (Pt). Because such behavior occurs primarily 
at the outset of the session, I refer to this as the “goal establishment” factor. The 
unrotated eigenvalues for the final three factors were 3.48, 2.06, and 1.32. The full 
eigenvalue table for the final factors appears in Appendix E.  
3.3. Factor-Based Dependent Measures for Multilevel Analysis 
 Factor analysis supported the aggregation of low-level variables into factor scores 
as follows. For every patient, each variable within a factor was converted into a Z score 
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and then averaged together with the Z scores of the other variables in a factor to obtain an 
aggregated factor score. These factor scores served as dependent measures in multilevel 
analyses for examining alternative explanations for differences in patient treatment, 
including variables related to the patient, the doctor, and the environment.  
Figures 1 and 2 show the graph of the goal establishment factor scores by the goal 
enactment scores for each patient using the same scales.  Figure 1 illustrates resident 
behavior.  Figure 2 illustrates attending behavior. The graph demonstrates the range of 
scores as well as the relative distributions of the patients and experience levels within 
each factor. Each symbol represents one patient. 
Figure 1 

































Graph of Attending Physicians’ Goal Establishment Scores with Goal Enactment Scores 
(Both in Z) by Patient  
 
The figures illustrate differences between residents’ and attending physicians’ approaches 
to patient care. The attending physicians’ patients are more likely to fall in the quadrant 
of relatively low numbers of both goal establishment and goal enactment behaviors and 
are more tightly grouped whereas residents’ patients are more evenly spread among the 
quadrants and show more variability. Second and third year residents display similar 
patient distributions in the graph relative to one another. The difference in variability 
between attending physicians and residents serves as further justification for more 





























3.4. Preliminary Statistics for Independent Variables 
An examination of the average shift difficulties implied that shift difficulty 
increased with experience (see Table 3). Significant Pearson’s correlations between 
predictors (i.e., multicollinearity) require care when estimating the effects of individual 






















Means and Standard Deviations 
  
 
Variable N Mean SD
Patient Difficulty
     Grand Mean
     Hospital 1 95 2.02 0.65
     Hospital 2 138 1.95 0.67
     2nd Year Residents 76 2.12 0.65
     3rd Year Residents 62 1.84 0.61
     Attending Physicians 95 1.96 0.68
Shift Difficulty
     Grand Mean 26 24.35 7.35
     Hospital 1 13 23.00 6.31
     Hospital 2 13 25.69 8.29
     2nd Year Residents 9 22.33 6.22
     3rd Year Residents 8 23.13 5.38
     Attending Physicians 9 27.44 9.37
Goal Establishment (Z)
     Grand Mean 233 0.00 0.89
     Hospital 1 95 0.03 0.84
     Hospital 2 138 -0.02 0.92
     2nd Year Residents 76 0.35 0.95
     3rd Year Residents 62 0.17 0.87
     Attending Physicians 95 -0.39 0.67
Uncertainty Reduction (Z)
     Grand Mean 233 0.00 0.99
     Hospital 1 95 0.01 1.02
     Hospital 2 138 -0.01 0.97
     2nd Year Residents 76 0.04 1.09
     3rd Year Residents 62 0.29 1.29
     Attending Physicians 95 -0.22 0.53
Goal Enactment (Z)
     Grand Mean 233 0.00 0.73
     Hospital 1 95 0.28 0.82
     Hospital 2 138 -0.19 0.60
     2nd Year Residents 76 0.16 0.79
     3rd Year Residents 62 0.18 0.79




Intercorrelations for Study Variables 
 
3.5. Multilevel Modeling Overview 
 Multilevel analysis is a useful tool to analyze the effects of predictors on non-
independent observations involving multiple levels of analysis, such as when unique 
individuals are nested within groups. In the present case, patients are nested within 
doctors because doctors saw multiple individual patients. Observations of patients being 
treated by one doctor are likely to be more similar to each other than to observations of 
patients being treated by another doctor, and multilevel modeling can account for these 
effects. Figure 3 provides a conceptual illustration. I can fit a line between patient 
difficulty and any of the three factor scores across all patients, but multilevel modeling 
allows me to examine to the interaction of patient difficulty with between doctor 
variables such as shift difficulty and hospital. That is, variance in the dependent measure 
is determined both by patient level variables (Level 1 predictors) and doctor level 
variables (Level 2 predictors). The y-intercepts represent mean differences between 
doctors whereas slope differences represent differences in the relationship between 
patient difficulty and the measure in question, as a function of doctor differences, such as 
Variable N Mean SD 1 2 3 4 5 6 7
Outcomes
1 Goal establishment (Z) 233 0.00 0.89
2 Uncertainty reduction (Z) 233 0.00 0.99 0.17
3 Goal enactment (Z) 233 0.00 0.73 0.25 0.05
Predictors
4 Patient Diff. 233 1.98 0.66 0.13 0.01 0.53
5 Experience 26 1.00 0.85 -0.36 -0.12 -0.24 0.00
6 Shift Diff. 26 27.00 8.64 -0.36 -0.18 -0.25 0.06 0.66
7 Hospital 26 0.50 0.51 -0.03 -0.01 -0.32 -0.05 0.09 0.19
Note. Variables with an N of 26 were Level 2 (doctor level) variables. Values related to a doctor were applied to each
patient seen by that doctor. There are therefore 26 unique values for these variables, applied to 233 patients.
For correlations involving variables with N = 233 |r| ! .14, p < .05; |r| ! .18, p < .01.
For correlations between variables with N = 26 |r| ! 0.39, p <.05; |r| ! 0.5, p <.01.
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hospital. Scaling predictor variables creates an intercept with a readily interpretable 
meaning. In this study, we grand-mean centered predictor variables so that the y-intercept 
represents each doctor’s expected factor score when the predictor variables are at their 
average levels. Grand mean centering can also help alleviate multicollinearity issues 
(Hoffman & Gavin, 1998).  
Figure 3 
Conceptual Illustration of Multilevel Model Variance Components 
 
Multilevel modeling examines variance in both intercept and slope, in separate 
sequential steps. Predictors at both the patient level and doctor level explain variance in 
patient outcomes. Patient level variables are values that are assigned to individual 
patients (patient difficulty, in this case). A given doctor saw many patients of varying 
difficulty. Doctor level variables are values of observed scores based on the 
characteristics of the doctor (shift difficulty, hospital, and experience, in this case). A 
given doctor experienced only one level of shift difficulty, hospital, and experience. The 

























and the work environment in predicting outcome scores at the patient level. In traditional 
regression analyses, one would use a fixed intercept and a fixed slope, assuming the 
intercept and slope fit similarly well for different doctors, that is, that doctors were 
interchangeable in terms of their treatment of patients. In multilevel modeling, one tests 
whether there is variance in intercepts and slopes, and if there is, one attempts to account 
for that variance with group level (i.e., doctor) variables. Intercept variance represents the 
mean differences between doctors in patient level outcomes whereas slope variance 
represents between-doctor differences in the relationship between the patient-level 
predictor and patient outcomes. 
Level 1 (patient-level) effects are estimated using the equation: 
Yij = Β0j + B1j(Xij) + rij 
Where “Y” refers to the outcome score and “X” refers to the Level 1 predictor. “i” 
refers to one of the individuals (patients) and “j” refers one of the groups (doctors). Level 
2 (doctor-level) predictor effects on the intercept and slope are explored using the 
equations: 
 Β0j = γ00 + γ01Z0j + µ0j; 
 Β1j = γ10 + γ11Z1j + µ1j; 
“Z” is a Level 2 predictor. My analyses followed the model-building steps 
recommended by Bliese (2002). The first step is to determine whether the differences 
between doctors are large enough to warrant multilevel modeling. I calculated an 
intraclass correlation coefficient (ICC) based on a null model of the data with no 
predictor variables. The ICC is a measure of nonindependence in the data that estimates 
the amount of the total variance that exists at the group level (i.e., the doctors). An ICC 
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greater than 0.10 indicates that the differences between doctors warrant multilevel 
analysis. To proceed with multilevel analysis, I examine a model with all of the patient 
level (Level 1) predictors. Specifically, I attempt to account for variance in the intercept 
using doctor level (Level 2) variables while holding the slopes associated with the patient 
level (Level 1) predictors fixed. Next, I identify which Level 1 predictors have significant 
slope variance by allowing the slope of each variable to vary separately and comparing 
the model fit relative to the fit of the model when slopes are fixed (represented by a 
deviance score). The difference in deviance scores between the models represents a chi-
square value. If this value is significant, there is significant slope variance for that 
variable, i.e., significant group level (Level 2) variance. This test has very low power, 
however, so slope variance often is investigated even if the chi-squared test is not 
significant. After I determine which factors have significant slope variance, I attempt to 
account for slope variance using doctor level (Level 2) predictors. An alpha level of 0.05 
(truncated) was adopted for all analyses.  
3.6. Contexual Influences Associated with Factor Scores. 
Qualitative and quantitative results for each factor and simple effect appear 
together. The qualitative examples serve as a lead in to the quantitative data and help 
illustrate the effects discussed in the quantitative findings. My approach remains 
descriptive, but the quantitative data can help to reveal trends that converge with the 
qualitative data.  
3.6.1. Influences on the first factor: establishing goals for the patient. I found 
several contextual effects on goal establishment behavior. Not surprisingly, patient 
difficulty affected goal establishment behaviors. Hospital had a somewhat unexpected 
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effect on goal establishment behaviors. Experience affected the nature of the goal 
establishment interview and appeared to increase doctors’ context sensitivity. I also saw 
conflicting indications of an effect of shift difficulty from the quantitative and qualitative 
analyses.  
3.6.1.1. Quantitative analysis of goal establishment. The intraclass correlation 
(ICC) for the goal establishment factor was 0.41, indicating substantial between doctor 
variance on this factor. Level 1 analyses indicated a significant positive relationship 
between patient difficulty and goal establishment scores. I next attempted to account for 
variance in the intercept using Level 2 predictors, i.e., experience, shift difficulty, and 
hospital. Experience was negatively related to goal establishment behaviors. Shift 
difficulty and hospital did not predict these behaviors. See Table 5 for the full results. I 
next evaluated the presence of slope variance using the deviance chi-square test. The test 
indicated that allowing the slope to vary did not improve model fit, χ2diff (2) = 0.87, p > 
.05. This test has low power (Lahuis & Ferguson, 2009), so I still examined whether 
patient difficulty was more strongly related to patient outcomes for some doctors (the 
grouping variable) than for others. This analysis corresponds to the “slope” section of 
Table 5. In fact, one doctor level variable, i.e., hospital, significantly predicted the 
relationship between patient difficulty and goal establishment behaviors such that the 
relationship was stronger for doctors in the suburban hospital than in the urban hospital. 
Doctors in the suburban hospital increased their goal establishment behaviors in response 
to increasing patient difficulty while doctors in the urban hospital demonstrated 
inconsistent responses to increasing patient difficulty. Two other doctor level variables, 
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experience and shift difficulty, did not affect the relationship between patient difficulty 
and goal establishment behaviors.  
Table 5 
Multilevel Results for the Goal Establishment Factor 
      
I will describe these effects in the order in which they appear in Table 5, starting 
with patient difficulty, moving to experience, followed by the effects of hospital. I will 
describe next these effects within the residents and attending physicians separately and 
conclude the description of goal establishment with an exploration of possible shift 
difficulty effects.  
3.6.1.2. Effects of patient difficulty on goal establishment (Level 1 predictor). 
The difficulty of the patient being treated affected goal establishment behaviors such that 
doctors asked more questions as patient difficulty increased. Figure 4 shows the goal 
establishment factor averages for easy, average, and difficult patients for the whole 
sample of doctors. Error bars represent standard error. 
Model and Parameter
Parameter 
Estimate SE t df p
Goal establishment
     Level 1
             *Patient Diff 0.16 0.07 2.21 228 0.03
     Level 2
          Intercept:
             *Experience -0.04 0.02 -2.34 22 0.03
               Shift Diff -0.01 0.02 -0.78 22 0.44
               Hospital 0.04 0.22 0.17 22 0.86
          Slope:
               Experience 0.02 0.01 1.54 22 0.14
               Shift Diff -0.02 0.01 -1.94 22 0.07
             *Hospital 0.43 0.16 2.66 22 0.02




Goal Establishment Average Scores (Z) for Each Level of Patient Difficulty 
  
The following example illustrates some of the differences between treating simple 
and more difficult patients. The patients described below were both seen by the same 
attending physician (19 years of experience) at the suburban hospital during a shift with a 
difficulty score of 36. The difficult patient complained of abdominal pain whereas the 
easy patient complained of shoulder pain. 
More difficult patient: 
1. Attending: You have some belly pain, nausea, vomiting, and diarrhea? 
2. Patient: It’s actually in my back. 
3. Attending: Did it start there? 
4. Patient: Two days ago I had a procedure with dye in my uterus. 
5. Attending: A hysteroscopy? 
6. Patient: That’s it. They also took a biopsy of my cervix. A student did the 
procedure – I don’t have a problem with that but I think that was part of it.  
7. Patient: My cervix is upside down and that makes my uterus off so the cath 



























8. Patient: I wanted to see why my husband and I couldn’t conceive. They found 
a block in the tube on my right side.  
9. Patient: I get a sharp, shooting pain but it’s not in my muscles 
10. Attending: It’s down deep, huh? 
11. Patient: Yeah, mostly on the left side. I took four ibuprofen this morning and 
laid down and I still felt bad. I got up a couple hours ago and lost bowel 
control. I could barely walk so I called the clinic and they said to go to the 
ED. 
12. Attending: Did the vomiting and diarrhea start today? 
13. Patient: Yes. 
14. Attending: Do you have any allergies? 
15. Patient: Sulfa, and IV compazine/phenergan. 
16. Attending: Does it make you jumpy? 
17. Patient: Yes, but I can take phenergan orally. 
18. Attending: What about issues in your family? 
19. Patient: Blood pressure problems. 
20. The attending listens to the patient’s belly and back and presses on the belly 
and feels the patient’s back 
21. Attending: Does it hurt when I press on the belly or tap your back? 
22. Patient: It’s worse when you tap down low 
23. Attending: Does it hurt when you pee? 
24. Patient: No. 
25. The attending moves the patient’s legs. 
26. Attending: Does it hurt when I move your legs like that? 
27. Patient: No, just more discomfort. 
28. Attending: I’ll get you some meds for the pain and nausea. I’ll also scan you 
and give you some fluid to make up for the diarrhea. 
29. Patient: What will you give me for the pain? 
30. Attending: Morphine. 
31. Patient: OK because Toradol isn’t good for me. 
 
Easy patient: 
1. Attending: Can you tell me about the pain? 
2. Patient: I thought I just slept on it wrong. I’ve been waking up numb and I 
have terrible shoulder pain. I can’t feel my fingers at night. 
3. The attending has the patient squeeze his fingers. 
4. Attending: Does that hurt your shoulder? 
5. Patient: No. 
6. The attending presses the patient’s arm and shoulder 
7. Patient: Pressing hurts it. 
8. The attending has the patient make his arm limp and moves it around. 
9. Patient: It hurts less when I’m not using the muscles. 
10. The attending presses the patient’s shoulder near his trapezius. 
11. Attending: I’ll xray the shoulder but the rest looks fine.  
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12. The attending listens to the patient’s chest. 
13. Attending: Do you have any allergies? 
14. Patient: Codeine. 
15. Attending: Have you been lifting anything? 
16. Patient: No. 
 
The attending physician in this example obtained far more information from the 
hard patient than the easy patient. The easy patient gave a brief description of his 
symptoms (Line 2) and the physician relied more on his exam to gather what he needed 
(Lines 3-10). Information such as the patient’s vital signs and an EKG may have helped 
to eliminate more serious potential causes of shoulder pain such as a heart issue. The 
more difficult patient gave much more detail about the background of her problem and 
her symptoms (Lines 2-13). She also included more information about her past medical 
history. (See Appendix F for an analysis of the impact of experience and patient difficulty 
on the individual component variables of the goal establishment factor.) 
3.6.1.3. Effects of experience on goal establishment (Level 2 predictor, 
Intercept).  
3.6.1.3.1. Qualitative results. The patient interview is critical for the doctor to 
establish the problem and what needs to be done for a patient. Two separate interviews 
below represent typical doctor-patient interactions (the patient interview referenced at the 
start of the results section appears here for convenience). The attending physician with 
the second highest average score on the goal establishment factor (seven years of 
experience with an average factor score of 0.524) and the resident with the highest 
average score on the same factor (a 3rd year resident whose average factor score was 
1.731) provided the following excerpts. The attending physician worked at the suburban 
hospital and the resident worked at the urban hospital. The resident’s shift was a 
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difficulty of 20, and the attending physician’s shift was a difficulty of 21. Both patients 
presented to the ED with a complaint of chest pain after doing chores. Despite these 
similarities, contrasting the patient interaction across physician experience reveals 
important differences, mirrored in the quantitative analysis. Experience appeared to affect 
the patient interview such that more experienced doctors seemed to gather less 
information from patients.  
Attending physician example: 
1.   Attending: What brings you to the ED? 
2.   Patient: I had crushing pain across my chest suddenly. 
3.   Attending: What time did that happen? 
4.   Patient: About an hour and a half ago. 
5.   Attending: How long did it last? 
6.   Patient: About 10 minutes. 
7.   Attending: What were you doing when it happened? 
8.   Patient: I was doing yard work and then I sat down and it started. 
9.   Attending: Did you feel short of breath or sweaty or pale? 
10. Patient: No, none of that. 
11. Attending: Did you get nauseous or vomit? 
12. Patient: No. 
13. Attending: And the pressure goes across both sides of the chest? 
14. Patient: That’s right. 
15. Attending: Does the pain go into your jaw, neck, or back? 
16. Patient: No. I got x-rays on my back two weeks ago for back pain but they  
      were ok. 
17. Attending: What was the back pain? 
18. Patient: They suspected something with my sciatic nerve. 
19. Attending: Have you had any fever or cough? 
20. Patient: No. 
21. Attending: Does anything help or make the pain worse? 
22. Patient: No. I took aspirin when it happened, too. 
23. Attending: Is there any discomfort now? 
24. Patient: No. 
25. Attending: Have you noticed any swelling in your legs? 
26. Patient: No. 
27. Attending: Is there any abdominal pain? 
28. Patient: No. 
29. Attending: Are you taking any meds for any other conditions like diabetes? 
30. Patient: (The patient tells the attending what medications she uses but I miss  
      them.) 
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31. Attending: Are there any surgeries I should know about? 
32. Patient: No. 
33. Attending: Have you ever had a heart attack or a stroke? 
34. Patient: No.  
35. Attending: Have you ever had a clot? 
36. Patient: No. 
37. Attending: Have you ever had a stress test? 
38. Patient: No. 
39. Attending: Are there any other conditions that you want me to know about? 
40. Patient: I had a lumpectomy years ago. 
41. Attending: Are you a smoker or have you ever smoked? 
42. Patient: No. I have a history of stroke in my family, though. 
43. Attending: Have you been taking all of your blood pressure meds? 
44. Patient: (I miss the answer.) 
45. Attending: Your blood pressure is high right now and I’ll check your heart.  
      The EKG looks OK but ED EKGs only pick up about half of heart attacks… 
 46. The attending listens to the patient’s back and chest. 
 47. Attending: Can you show me where the earlier back pain was? 
 48. Patient: It started in my back and shot down my leg and ankle. 
 49. Attending: Who is your family doctor? 
 50. Patient: (The patient gives her doctor’s name.) 
 51. Attending: Have you ever seen a cardiologist? 
 52. Patient: No. 
 53. The attending feels the patient’s ankles and rechecks her blood pressure. 
 54. Attending: Is there anything I can do to make you feel more comfortable? 
 55. Patient: My head is down… 
 56. Attending: I’ll raise the bed for you (attending raises the bed). 
 57. Attending: We’ll do some IV meds for your blood pressure and some blood  
                  tests to check your heart. You’ll probably stay in for observation tonight.  
58. I ask about the attending already knowing that the patient will be admitted   
      when we get back to the doctors’ station; the attending says “Yeah because  
      she’s in her 80s and she has a good story for angina. She’s worth keeping for  
      the night.” 
 
Resident example: 
 1.   Resident: Who is this lovely lady? 
 2.   Patient: This is my wife. 
 3.   Resident: Why are you here on this lovely day? 
 4.   Patient: I guess I just don’t feel good. 
 5.   Resident: How did this start? 
 6.   Patient: I was carrying coal. I guess it was about 300 pounds total. I felt fine,  
      though. 
 7.   Resident: Is that a normal activity for you? 
 8.   Patient: Yes.  
 9.   Resident: When was this? 
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 10. Patient: Around 7. Later I had a dizzy spell, black and dizzy. 
 11. Resident: When did that happen? 
 12. Patient: Around 8. I sat on the couch and felt better but then I felt some  
      pressure and some pain. It wasn’t too bad; it wasn’t sharp but it was different         
      than the pressure. 
 13. Resident: How long did it last? 
 14. Patient: I had pain off and on for about 30 second each. 
 15. Resident: Have you felt the pain since then? 
 16. Patient: No, just the pressure. 
 17. Resident: Are you nauseous? 
 18. Patient: No.  
 19. Resident: Are you short of breath? 
 20. Patient: Not now but off and on for the last two weeks. 
 21. Resident: Are you scheduled for a stress test tomorrow? 
 22. Patient: Yes. 
 23. Resident: Why was that test scheduled? 
 24. Patient: I’ve been having the same thing for two weeks. 
 25. Resident: Have you ever had anything like this before two weeks ago? 
 26. Patient: No. 
 27. Resident: What were you doing the first time? 
 28. Patient: Sleeping. I took GasX. 
 29. Resident: Did you go to the hospital? 
 30. Patient: No. 
 31. Resident: Did you call your doctor? 
 32. Patient: (Smiling) Two weeks later. 
 33. Resident: Do you have any allergies? 
 34. Patient: Terramycin. 
 35. Resident: What happens if you take it? 
 36. Patient: I’m don’t know; I was a kid when it started. 
 37. Resident: Did you get any nitro? 
 38. Patient: I got one with the squad. 
 39. Resident: Did it help? 
 40. Patient: I got a headache but nothing changed. 
 41. Resident: We’ll probably give you some more. Did you get any aspirin? 
 42. Patient: I got four with the squad. I took a baby aspirin before that. 
 43. The resident listens to the patient’s chest. 
 44. Resident: Try to relax. (Smiling) It’s easy for me to say… Do you have any  
      family history of heart problems before age 60? 
 45. Patient: No. My sister had cancer, though. 
 46. Resident: Do you have any personal history of anything like that? 
 47. Patient: No. 
 48. Resident: Do you have diabetes? 
 49. Patient: No.  
 50. Resident: Do you have high blood pressure? 
 51. Patient: Yes. 
 52. Resident: What meds are you on? 
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 53. Patient: (The patient tells him the names and doses, but I can’t catch them.) 
 54. Resident: How long have you been on those? 
 55. Patient: Years.  
 56. Resident: Have there been any recent changes to your meds? 
 57. Patient: I’m off (I can’t hear the name) for the stress test. 
 58. Resident: Have you had any recent travel? 
 59. Patient: No.  
 60. Resident: Have you had any broken bones? 
 61. Patient: No. I had a hernia repair three years ago, though. 
 62. Resident: Any other surgeries? 
 63. Patient: No.  
 64. Resident: I suspect you’ll be admitted. They may stress test you or do a  
      cardiac cath. (The resident explains the procedures to the patient.) Don’t eat or  
      drink. We’ll give you some nitro to see if it helps. How is the pain now from  
      1-10? 
 65. Patient: The pressure is a one or a two. 
 66. Resident: How was the last pain? 
 67. Patient: Maybe a three. 
 68. Resident: (Resident pushes the patient’s chest) Does it hurt to push on your  
      chest? 
 69. Patient: No. 
 70. Resident: Have you had any urine changes? 
 71. Patient: No.  
 72. Resident: Have you had any nausea or vomiting? 
 73. Patient: Neither. 
 74. Resident: Have you had any constipation? 
 75. Patient: No.  
 76. Resident: Any fever or chill? 
 77. Patient: Maybe a fever. I’ve felt cold, too. 
 78. Resident: Do you have any questions? 
 79. Patient: No. 
 80. Resident: (Smiling) Stay put. 
 81. Outside the room, the resident orders an EKG, PT-PTT, chest x-ray, CPK,  
      BMP, PTK, sees that enzymes have already been ordered, orders a cardiac  
      monitor, pulse ox, and LFTs (“…because the admission order sheet has it ‘if  
      not done in the ER’, so I’ll get it for them.”) 
 
 These two examples of exertional chest pain represent common complaints in the 
ED. Emergency doctors in general are very experienced in addressing these complaints, 
and there is some degree of standardization in the sense that there is certain information 
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that the doctors are expected to gather. Both doctors asked about how the pain started, 
whether the patient was short of breath, and if the patient was nauseous, for example.  
 Despite the common nature of this complaint and the standardization of care 
practices, there is considerable variation in the way that the doctors conducted their 
interviews. The attending physician was very structured, progressing from questions 
about the patient’s current symptoms (Lines 2-28), to past medical history (Lines 29-40), 
to finding out about contributors such as smoking (Lines 41-44), to finding out about 
other information such as who the patient’s other doctors are (Lines 49-52). In contrast, 
the resident (a third year resident) was less structured. The resident asked about current 
symptoms both at the beginning and the end of the interview (Lines 4-20 and Lines 65-
77) and mixed questions about contributors such as travel with questions about the 
patient’s medical history (Lines 44-63).  
The attending asked fewer questions overall than the resident did but seemed to 
ask more targeted questions. The attending asked general questions to find out about the 
patient’s chronic medical complaints (Line 29: “Are you taking any meds for any other 
conditions like diabetes?” and Line 39: “Are there any other conditions that you want me 
to know about?”) but asked specifically about problems potentially related to the current 
episode such as heart attack, stroke, or clots (Lines 33, 35, and 37). The resident did the 
opposite: asking about diabetes and high blood pressure specifically (Lines 48 and 50) 
but asking only a general question about cardiac issues (Line 25: “Have you ever had 
anything like this before two weeks ago?”).  
The resident physician also seemed to ask more questions that did not give him 
any actionable information. For example, the resident asked about travel and broken 
 
 56 
bones (Lines 58 and 60 perhaps trying to assess the probability of a blood clot) and asked 
whether the patient went to the hospital or called the doctor after the first episode of chest 
pain (Lines 29 and 31). The attending in this example did not ask the patient any of these 
things. He had already gathered enough information to justify an admission, so finding 
out about past interactions with the patient’s doctor would not do anything to change his 
disposition of the patient. The different lines of questioning between the resident and 
attending seem to represent both qualitative (where the doctor chooses to use general vs. 
specific questions) and quantitative (how many questions the doctor chooses to ask) 
differences in how the doctors approach gathering information from the patient.  
The attending physician’s shorter interview is interesting because of a potential 
tradeoff between efficiency and patient satisfaction. If the interview is too short, the 
patient may feel neglected and become dissatisfied. More experienced doctors seem to 
have compensated for shorter interviews by adopting other behaviors. For instance, 
attendings sometimes gave residents tips such as sitting down during the patient interview 
because it makes the patients feel that the doctor spent more time with them, even though 
the amount of time the doctor spends in the room is unaffected by sitting vs. standing.   
The different medical records systems used in each hospital also potentially 
affected the interview. The attending physician (in the hospital with paper records) had to 
ask what the patient’s previous back pain had been, using the patient as the link to past 
test results. The resident (in the hospital with electronic records) already knew that the 
patient was scheduled for a stress test the next day and only had to confirm it with the 
patient.  However, the resident with access to more electronic documentation still asked 
 
 57 
more questions, implying that differences due to experience may outweigh the effects of 
the work system. 
The patient interview serves to help the doctor determine his/her plan of action. 
Doctors repeatedly stated to me that as many as 80% of their patients can be diagnosed 
based on a good history and physical exam, reinforcing the importance of information 
gathering and helping solidify the interpretation of this factor as a goal establishment 
factor. Both doctors in the above examples knew that they wanted to admit the patient 
immediately after (or even during) the interview before any tests were ordered or 
reviewed (aside from the EKG). The doctors tailored their lab orders to help support and 
justify their plan (see Lines 58 and 81, respectively). Thus, the labs serve to facilitate or 
confirm goals rather than to form goals, supporting the distinction in the factor analysis 
between goal establishment and goal enactment. Admitting doctors typically will not 
accept patients without lab values and other data to justify the admission, so the ED 
doctors must get labs that will support admission.  
The qualitative examples converge with one of the quantitative findings from the 
multi-level modeling of the goal establishment factor: differences in experience.    
3.6.1.3.2. Quantitative results. The qualitative differences between resident and 
attending physicians have been discussed above: attending physicians are more structured 
and ask fewer, more targeted questions. The attending physicians thus appear to conduct 
patient interviews more efficiently than residents. The quantitative data supports the 
assertion that the more experienced doctors (based on years of practice) perform fewer 
behaviors during the patient interview. Figure 5 shows the goal establishment factor 
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averages for this sample of doctors associated with the experience difference. Error bars 
represent standard error.  
Figure 5 
Goal Establishment Average Scores (Z) by Experience 
 
3.6.1.4. Effect of hospital on the goal establishment factor (Level 2 predictor, 
Slope). The relationship between patient difficulty and goal establishment behaviors was 
different for doctors at the suburban hospital than at the urban hospital such that the 
number of questions doctors asked increased with increasing patient difficulty at the 
suburban hospital, whereas the relationship between patient difficulty and goal 





























Hospital Effect for the Goal Establishment Factor 
 
The following examples offer possible hypotheses for these differences. The 
example from the suburban hospital is from a patient treated by an attending physician 
with 13 years of experience during a shift with a difficulty score of 30. The example from 
the urban hospital is from a patient treated by an attending physician with 15 years of 
experience during a shift with a difficulty score of 19. Both patients presented with 
complaints of chest pain. 
Suburban difficult patient: 
1. Attending: What’s wrong? 
2. Patient: I have chest pain. 
3. Attending: Does anything bring it on? 
4. Patient: No, it just does its thing. 
5. Attending: What does that mean? 
6. Patient: It hurts and I have to lie down. 
7. Attending: Does that help it? 
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8. Patient: No I just rest and wait for it to subside. It hurts in different ways – 
like a fluttery, prickly feeling. 
9. Attending: Have you seen your doctor this week? 
10. Patient: No. 
11. Attending: Why not? 
12. Patient: It doesn’t seem to help. 
13. Attending: Has this happened before? 
14. Patient: Not to this extent.  
15. Attending: What changed today that brought you in? 
16. Patient: I got a crying sensation, like I just wanted to cry. 
17. Attending: Do you have that right now, or has it gone away? 
18. Patient: It’s still there. I can’t describe it. 
19. The attending listens to the patient’s back. 
20. Attending: Who’s your doctor? 
21. The patient tells the attending her doctor’s name; her husband adds who the 
patient’s cardiologist is.  
22. The attending listens to the patient’s chest. 
23. Attending: When did you see your doctor last? 
24. Patient: A couple of weeks ago. 
25. Attending: Did you get any medications? 
26. Patient: I didn’t take them after the first day because I didn’t notice a change 
and I’m on a lot of meds already. 
27. Attending: Why were you given the meds – the same thing? 
28. Patient: Yeah. 
29. The attending checks the patient’s pulse in her foot. 
30. Attending: Do you have any asthma, diabetes, cancer, or stoke history? 
31. Patient: No, nothing. 
32. Attending: Has anything been off in the last few days like feeling dizzy or 
headaches or diarrhea? 
33. Patient: No. The pain goes to my back sometimes. I also have a stent. I went 
to the doctor because I got the crying sensation again then I got the stent. 
34. Attending: Have you had a recent stress test? 
35. Patient: I had a chemical stress test two weeks ago. 
36. Attending: Did they find anything? 
37. Patient: No. 
38. Attending: Have you had any bowel, bladder, or weight changes? 
39. Patient: No. 
40. Attending: What about family history? 
41. Patient: Nothing except for leukemia in my sister. 
42. Attending: How did your parents die? 
43. Patient: They were just old. 
44. Attending: Have you started menopause or had a hysterectomy?  
45. Patient: Hysterectomy. 
46. Attending: Have you had any other surgeries? 
47. Patient: I had my tonsils out. 
48. Attending: Are you taking any herbal supplements or anything like that? 
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49. Patient: No. 
50. Attending: Have you had anything with your appendix or gallbladder? 
51. Patient: I still have them both. 
52. Attending: I’ll check your med list and get some tests and we’ll see what’s 
going on. 
53. Attending: Do you have any other doctors? 
54. Patient: No. 
55. The patient’s husband gives the attending her medication list. 
56. Attending: I’ll try to get the meds from the doctor too and find out about them. 
 
Urban difficult patient: 
1. The attending speaks to the EMS squad that brought the patient in. They tell 
him the patient has chest pain, is sinus tach, is hypertensive, O2 sat is 100%, 
the patient has no edema and has had recent lasix and pneumonia. 
2. Attending: So you have congestive heart failure, high blood pressure, and your 
heart is racing? 
3. Patient: Yeah. 
4. Attending: Did you take lasix today? 
5. Patient: No, I was never told about lasix. 
6. Attending: Who is your primary doctor? 
7. Patient: I don’t have one. 
8. The attending listens to the patient’s back. 
9. Attending: Do you have any chest pain? 
10. Patient: I had back pain earlier. 
11. Attending: Is that chronic? 
12. Patient: I had an accident years ago. 
13. Attending: Are you short of breath? 
14. Patient: Yes. 
15. Attending: What about belly pain? 
16. Patient: No. 
17. Attending: Did you pass out? 
18. Patient: No. 
19. Attending: Are you dizzy? 
20. Patient: Yes. I get short of breath when I go to the bathroom. 
21. Attending: So this happens every day? 
22. Patient: Yes. I was in the hospital for two weeks last month. 
23. The attending listens to the patient’s chest. 
24. Attending: Your legs aren’t very swollen. 
25. Attending: We’ll get an xray and blood work but I don’t hear any crackles. 
26. Attending: Do you smoke? 
27. Patient: I quit when I went to the hospital last month. I have a dry cough, too. 
28. Attending: Do you have a breathing machine at home? 
29. Patient: No. 
30. Attending: It may be COPD and not heart failure but we’ll check your heart 




The doctor in the suburban hospital asked her patient more details about the 
patient’s past history and other information (Lines 23-51) and focused less attention on 
the patient’s current experience of her symptoms (Lines 1-8). In contrast, the doctor in 
the urban hospital asked fewer questions about the patient’s past history but spent more 
time asking about the patient’s current symptoms (Lines 9-20). The doctor in the urban 
hospital acquired more total information (61 pieces of information compared to 57 at the 
suburban hospital), but a greater proportion of information came from sources other than 
the patient such as the medical record. The doctor at the suburban hospital mainly got 
information from the patient and barely used the medical record.  
3.6.1.5. Separate analyses of goal establishment for residents and attending 
physicians. We examined residents and attending physicians separately in order to gain a 
more complete understanding of experience-based differences and account for the 
potentially different effects of contextual variables based on increasing experience.  
3.6.1.5.1. Residents. The following analysis examines the goal establishment 
behaviors of residents and attending physicians separately. The ICC for the goal 
establishment factor for the 17 residents was 0.33, indicating substantial between doctor 
variance on this factor. Level 1 analyses indicated that unlike in the overall analysis, 
patient difficulty did not account for variance in behavior (see Table 6). I next attempted 
to account for variance in the intercept using Level 2 predictors (i.e., experience, shift 
difficulty, and hospital) also with nonsignificant results. This is also in contrast to the 
overall analysis, in which experience affected goal establishment behavior. Residents’ 
goal establishment behaviors do not appear to change from the second to the third year of 
residency. A deviance chi-squared test demonstrated that allowing the slopes to vary did 
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not improve the model fit, χ2diff (2) = 0.49, p > .05, indicating the presence of only 
intercept variance for the residents on the goal establishment factor. As before, I still used 
Level 2 predictors to investigate slope variance on the grounds that the deviance chi-
squared test has very low power. Among residents, experience, hospital, and shift 
difficulty failed to account for differences in the observed relationship between patient 
difficulty and goal establishment behaviors. Unlike the overall analysis, the relationship 
between patient difficulty and goal establishment scores does not appear to vary across 



















Results for Residents and Attending Physicians on the Goal Establishment Factor 
 
 
 3.6.1.5.2. Attendings.  The ICC for the goal establishment factor for the nine 
attending physicians was 0.32, indicating substantial between doctor variance for 
attending physicians on this factor. As in the overall analysis but unlike the residents, 
Level 1 analyses indicated patient difficulty was related to goal establishment behavior 
such that attending physicians demonstrated more goal establishment behaviors with 
Model and Parameter
Parameter 
Estimate SE t df p
Residents
         Level 1
               Patient Diff 0.11 0.11 0.94 133.00 0.35
         Level 2
          Intercept:
               Experience -0.09 0.32 -0.29 13.00 0.78
               Shift Diff -0.02 0.03 -0.52 13.00 0.61
               Hospital -0.20 0.32 -0.62 13.00 0.55
          Slope:
               Experience 0.06 0.23 0.25 13.00 0.81
               Shift Diff -0.03 0.02 -1.49 13.00 0.16
               Hospital 0.33 0.23 1.45 13.00 0.17
Attending Physicians
         Level 1
             *Patient Diff 0.25 0.09 2.81 90.00 0.01
         Level 2
          Intercept:
               Experience -0.01 0.01 -0.87 5.00 0.43
             *Shift Diff -0.03 0.01 -2.70 5.00 0.04
             *Hospital 0.66 0.19 3.54 5.00 0.02
          Slope:
               Experience 0.02 0.02 1.28 5.00 0.26
               Shift Diff -0.02 0.01 -1.80 5.00 0.13
               Hospital 0.57 0.27 2.14 5.00 0.08
Note. Predictors with a * are significant at p < 0.05.
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more difficult patients. I next attempted to account for variance in the intercept using 
Level 2 predictors. Level 2 analysis indicated that shift difficulty and the hospital where 
the doctor worked predicted variance in the intercept for the attending physicians. Unlike 
the omnibus test, in which only patient difficulty and experience predicted variance in the 
intercept, attending physicians demonstrated more goal establishment behaviors in the 
suburban hospital and demonstrated fewer goal establishment behaviors during busier 
shifts (see Table 6 for predictor coefficients). Experience did not predict goal 
establishment behaviors. The intercept findings contrast with the overall analysis where 
only experience accounted for intercept variance and with the residents where none of the 
variables accounted for intercept variance. A deviance chi-squared test demonstrated that 
allowing the slopes to vary did not improve the model fit, χ2diff (2) = 0.87, p > .05, 
indicating the presence of only intercept variance for the attending physicians on the goal 
establishment factor. As before, I still used Level 2 predictors to investigate slope 
variance on the grounds that the deviance chi-squared test has very low power. Among 
attending physicians, experience, hospital, and shift difficulty failed to account for 
differences in the observed relationship between patient difficulty and goal establishment 
behaviors. The slope findings are consistent with the analysis of the residents but contrast 
with the overall analysis, in which hospital affected the relationship between patient 
difficulty and goal establishment.  
The two analyses permit comparison of experienced attending behavior with less 
experienced resident behavior.  These analyses suggest that the attending physicians are 
more responsive to their environment than the residents. Whereas the attending 
physicians adapted their patient interviews based on the patient, the hospital, and their 
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shift, the residents’ behavior did not vary systematically with patients. Patient difficulty 
follows the same trend in the attending physicians seen in the overall analysis, but two 
variables (shift difficulty and hospital) are new effects not seen in the overall analysis. 
The quantitative analyses for residents failed to reveal that shift difficulty impacted 
behaviors in the goal establishment factor, but the data suggest that shift difficulty did 
affect attending physicians’ behaviors.  
Qualitative data illustrate this point. This statement from a 3rd year resident 
comparing internal medicine and emergency medicine illustrates the time pressures of the 
emergency department and the constraints on the patient interview: 
Resident: Internal medicine and emergency medicine are very different. In 
internal medicine you can go back hours later and ask the patient something, and 
you can take a 25 minute history. In emergency medicine you have 5 minutes to 
get what you can, and you can never get everything (you just can’t)… 
Emergency physicians are under constant pressure to do things quickly, and they 
must obtain information from their patients efficiently. This attending physician felt time 
pressure similar to that of the resident that was just quoted: 
Attending: I like it when it’s slow (not many patients to see) because I can talk to 
the patient and get their story rather than just try to get what I need. Everyone has 
a story and I like to hear them.  
When doctors are busy, there is more pressure to interview patients quickly and to focus 
only on directly relevant questions. In the statement above, that meant that the attending 
physician had to forgo asking about the patient’s “story” and only focus on more 
medically oriented lines of questioning or perhaps limit questions to only the most 
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relevant information. Although emergency doctors are nearly always under time pressure 
(illustrated in the resident’s quote), these pressures increase during busy shifts. Both 
residents and attending physicians are aware of the time pressure imposed by their shift, 
and the resident admitted that not all of the information can be gathered, but only the 
attending physician offered a specific change to her behavior.  
 Hospital affected attending physicians’ patient interviews, as well. This effect is 
not the same as the effect of hospital in the overall analysis. The effect of hospital in the 
overall analysis was a slope effect, meaning that the difference in the patient interview 
between easy and difficult patients was greater for doctors in one hospital than the other. 
The hospital effect within only the attending physicians is an intercept effect, meaning 
that on average, the attending physicians at the suburban hospital asked more questions 
during their interview than the attending physicians at the urban hospital, regardless of 
patient difficulty or other variables. This finding contrasts with the resident from the 
qualitative example, who still asked more questions than the attending physician in spite 
of access to electronic medical records.  
3.6.2. Predicting goal enactment. We found predictable but interesting effects of 
patient difficulty on the goal enactment factor. We also found effects based on hospital. 
As anticipated, these effects varied with experience.  
3.6.2.1. Qualitative illustration of the nature of goal enactment. The labs 
typically help to facilitate or justify a patient’s admission to another doctor or the 
patient’s discharge rather than help the doctor decide whether or not to admit (with the 
exception of borderline admit/discharge patients). As a resident at the suburban hospital 
said, “Most labs are either for the doctors upstairs (admitting physicians) or to appease 
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the patient.” Later in the shift the same resident said, “Ninety-nine percent of the time I 
walk in and automatically know how bad the patient is and walk out knowing what tests I 
want to order and whether I’ll admit or discharge.” Emergency physicians use the goal 
establishment behaviors to determine their goals for the patient, and they use goal 
enactment behaviors both to implement their goal and to confirm that the goal is 
appropriate. This example illustrates the implementation aspect of goal enactment 
behaviors:  
An attending physician at the urban hospital told me that for non-critical patients, 
the primary decision is admit vs. discharge (see also Feufel, 2009). He said that the initial 
impression (based on the interview) puts the patient somewhere along the continuum of 
admission to discharge. Admission requires collaboration with another doctor, 
necessitating gathering support for the initial impression. Support requires ordering tests 
in order to push the patient further to the admit side, whereas results pull towards 
discharge (see Figure 7). He said that some patients do not move to the discharge side 
because of an especially poor clinical presentation, despite nominally acceptable lab 
values.  
Figure 7 




Often, the doctors order tests with an expected result in mind. Another attending 
physician at the urban hospital illustrates the confirmatory nature of goal enactment 
behaviors, such as using tests or images and diagnostic behavior. The attending physician 
told me that he does the same workup for similar complaints (chest pain, abdominal pain, 
etc.) each time using his own personal “workup template”. He said that he adds to the 
template for individual patients based on the physical exam, but he never subtracts from 
the template. The attending said that he has caught unexpected problems in the past by 
ordering a test that was in his template rather than ordering based solely on his clinical 
suspicions. The surprising occurrence of new problems reflects the iterative nature of 
medical care and the interaction between goal enactment and goal establishment. The 
tests alerted the doctor that his plan was incomplete and required adjustments. The 
standardized nature of this doctor’s test orders also helped him keep track of multiple 
patients. He said that if each patient gets a similar workup, there is no need to think about 
which patient got what test--tracking what has been done for each patient becomes easier.  
3.6.2.2. Quantitative analysis of goal enactment. The ICC for the goal enactment 
factor was 0.32, indicating substantial between doctor variance on this factor. As with 
goal establishment, Level 1 analyses indicated patient difficulty was related to goal 
enactment behavior such that attending physicians demonstrated more goal enactment 
behaviors with more difficult patients (see Table 7). I next attempted to account for 
variance in the intercept using Level 2 predictors. Level 2 analysis indicated that the 
hospital where the doctor worked predicted variance in the intercept such that doctors at 
the urban hospital performed more goal enactment behaviors. This effect is different than 
the hospital effect for goal establishment, in which hospital accounted for slope variance. 
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Experience and shift difficulty did not predict intercept variance in the goal establishment 
behaviors. A deviance chi-squared test demonstrated that allowing the slopes to vary 
improved the model fit, χ2diff (2) = 10.16, p < 0.01, indicating the presence of slope 
variance for the attending physicians on the goal establishment factor. I next used Level 2 
predictors to investigate slope variance. Experience, hospital, and shift difficulty failed to 
account for differences in the observed relationship between patient difficulty and goal 
establishment behaviors.  
Table 7 
Multilevel Results for the Goal Enactment Factor 
    
I will discuss the effects of patient difficulty, followed by the effects of hospital, 
incorporating qualitative support for the quantitative effects, followed by a discussion of 
experience-based differences in these effects. I will finish the discussion of goal 
enactment effects by exploring possible effects of shift difficulty.  
Model and Parameter
Parameter 
Estimate SE t df p
Goal enactment
     Level 1
             *Patient Diff 0.59 0.05 11.11 228 <0.01
     Level 2
          Intercept:
               Experience -0.02 0.01 -1.46 22 0.16
               Shift Diff -0.01 0.01 -0.64 22 0.53
             *Hospital -0.40 0.15 -2.59 22 0.02
          Slope:
               Experience 0.01 0.01 0.52 22 0.61
               Shift Diff -0.01 0.01 -1.43 22 0.17
               Hospital -0.14 0.15 -0.97 22 0.34
Note. Predictors with a * are significant at p < 0.05.
 
 71 
3.6.2.3. Effects of patient difficulty on goal enactment (Level 1 predictor). Just 
like goal establishment, patient difficulty predicted goal enactment behavior such that 
doctors performed more goal enactment behavior with more difficult patients. This 
finding is not terribly surprising given the manner in which goal enactment was 
computed, but patients could be difficult in multiple ways. Patient difficulty was based on 
the effort required on the part of the doctor, not necessarily teasing out the complexity of 
the patient’s complaint. Patients could be difficult because they had complex medical 
issue or because they were unduly demanding or otherwise difficult to treat; both reasons 
require the doctor to adjust care decisions. The relationship between patients with 
complex medical issues and goal enactment behaviors is straightforward--more complex 
cases often require more tests and care. The relationship between merely demanding 
patients and goal enactment behaviors is somewhat less clear. An example provides some 
insight: 
The attending interviews a patient with a headache and nausea/vomiting. When 
we leave the room the attending tells me:“I don’t think there’s anything really 
wrong with the patient. Just gastroenteritis, but the patient will be hard to deal 
with because she’s a tough stick (hard to find a vein for injections or blood 
draws). She’ll be hard to discharge. I’ll get labs and an x-ray because the patient 
will elevate her symptoms (complain about new things to get what she wants) if I 
don’t. An upfront and thorough workup will be more acceptable to her (that’s my 
gut feeling), so she’ll be ok and leave.” 
This patient wasn’t very difficult from a medical perspective, but the attending 
physician believed that the patient would resist being discharged and complain without a 
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thorough workup. As a result, the attending physician had to get a more thorough workup 
and invest more energy in discharging the patient than an objective medical assessment 
would require. These patients were common in both hospitals and more than one doctor 
noted that they can sometimes have a hard time discharging patients because the patient 
will need to be convinced that they are ok to go home. The doctors must adjust care to 
individual patients as well as to medical issues. (See Appendix G for a discussion of the 
impact of patient difficulty on the individual component variables of the goal enactment 
factor.) 
3.6.2.4. Hospital effects on goal enactment (Level 2 predictor, Intercept). The 
hospital effect for goal enactment was different than the effect for goal establishment. In 
goal establishment, hospital affected the relationship between patient difficulty and goal 
establishment. In the goal enactment factor, hospital had a significant effect on behavior 
such that doctors at the suburban hospital displayed fewer of these behaviors compared to 
doctors at the urban hospital. 
“There’s a difference in decision making between here and (the suburban 
hospital). Follow up over there (at the suburban hospital) is more reliable, and there are 
different patient expectations.” This quote from an attending physician at the urban 
hospital illustrates the potential for work environment to affect how doctors intervene for 
their patients. The urban ED was also larger than the suburban ED, meaning that there 
were likely to be more patients to be seen in the urban ED at any given time. Although 
the hospital did not have a substantial effect on each doctor’s shift difficulty in this 
sample (see Tables 3 and 4), the generally high number of patients may have led the 
urban ED to adopt practices in order to maximize their patient throughput. One such 
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practice that differed from the suburban ED was that triage nurses in the urban ED would 
commonly order lab tests or x-rays before the patient was actually seen by the doctor in 
order to minimize the amount of “down” time spent waiting for results to come back. 
This sometimes resulted in more tests being ordered than were actually needed, but the 
doctor would have to address them nonetheless. The following examples demonstrate this 
tradeoff: 
The attending notes that the nurse has pre-ordered some labs: CBC, enzymes, 
BMP, and an EKG. The attending says it’s good that the nurses do that because it 
speeds things up. 
 The attending in this case was happy that the nurses had already ordered some 
labs that she wanted. Occasionally, however, the nurses ordered tests that the doctors 
didn’t want: 
The resident sees that the triage nurse had ordered x-rays and cardiac labs--the 
resident wasn’t going to order them. An attending physician comes by and says 
that some labs are great to order in triage most of the time, but some labs should 
only be ordered by a doctor so the doctor can determine if they’re really needed 
because labs can send the doctors down a path that they’re obligated to 
investigate. The resident agrees that triage labs can be great, but if they order 
labs the doctors don’t want it can obligate the doctors to follow up on them when 
the doctors didn’t want or need to. 
 Although triage labs can be very helpful, they can lead also to more effort on the 
part of the doctors. The doctors either have to document that the labs were ordered in 
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error in order to avoid having to repeat certain tests (like heart enzymes) or they have to 
follow up on tests that come back with certain values (like d-dimers).  
 External factors such as patient population can affect also the number of 
behaviors at each hospital. As the quote about decision making in each hospital suggests, 
patient population affects the follow up that patients receive. Many patients at the urban 
hospital do not have reliable access to follow up care. The doctors must account for that 
fact when selecting medications or making admit/discharge decisions. Doctors at the 
urban hospital may have to do more in order to arrange care for their patients. The 
following example illustrates the types of actions doctors at the urban hospital may need 
to perform that doctors at the suburban hospital typically do not: 
(A drunk patient came in with a cut after falling. The attending physician later 
determined that the patient had also fractured several bones in her face.)  
The attending sees that the head CT is ok, but the face CT shows fractures (the 
attending had not been expecting that).  
“The eye muscle may be trapped – the patient will need plastics and 
ophthalmology. I’ll have to call for the patient. She’s homeless so she probably 
won’t call on her own. I’ll need to hold her until she’s sober and explain the 
injury. I’ll call plastics in the morning.” 
The attending arranges for the charge nurse to hold a room somewhere for the 
patient until she’s sober. The attending explains the situation and apologizes for 
keeping a room for so long.  
The attending calls the clinic and speaks with a plastics resident. The attending 
explains the patient’s case to be sure that follow up is ok. The attending says that 
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the patient is homeless so they’ll park her in the ED and send her over to the 
clinic at noon.  
The attending tells me she’s trying to get good follow up. She says that it will save 
a re-visit later and it will make sure that the patient gets follow up care (the 
patient is uninsured and doesn’t really have any family).  
This example is a somewhat extreme case, but it demonstrates the types of issues 
that can arise with patients at the urban hospital that are less likely to arise at the 
suburban hospital. The patient lacked the resources to arrange her own follow up care, so 
the attending physician had to use valuable hospital resources (a bed in a busy ED), took 
time to personally arrange follow up care at a local clinic, and took steps to be sure the 
patient would be able to get there (the clinic was adjacent to the hospital). (See Appendix 
G for a discussion of the impact of hospital on the individual component variables of the 
goal enactment factor.) 
3.6.2.5. Does shift difficulty affect goal enactment? Although inconsistent with 
the quantitative analysis1, qualitative analysis suggested that shift difficulty affected the 
behaviors in the goal enactment factor. This exchange between an attending physician 
and an admitted patient’s family offers an example of physicians specifically altering 
their diagnostic behavior (a contributing behavior in the goal enactment factor) in order 
to adapt to a busy shift: 
Attending: Do you have any questions? 
Patient’s family: Yes; The nursing home mentioned there were drugs in the urine? 
Attending: We don’t care about things like that (illicit drugs) in the ED. 
Patient’s family: We care because of the donor list. 
                                                
1 Range restriction may be responsible for the nonsignificant shift difficulty effect. The 
doctors self-limit the number of patients seen at any one time, leading to an upper limit 
on the number of patients and by extension shift difficulty.  
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Attending: Oh, ok. 
Patient’s family: Could it be from meds at the nursing home? 
Attending: Maybe, could be vicodin or something else. 
Patient’s family: Can you find out? 
Attending: Ask about it upstairs (the patient is being admitted), we’re too busy  
                  here to find out now. 
 
The attending physician in this case already had admitted the patient to the 
hospital and knew they would get additional care, so he decided not to pursue the cause 
of the presence of drugs in the urine because he was busy (and partly because as far as 
emergency medicine is concerned, the presence of drugs is not necessarily an issue 
requiring attention). The attending physician did take the time to ask if the family had any 
questions and explained what the drug may have been, however. A resident also took 
time into consideration: 
Resident: (While looking at a new patient’s chart) Time can impact how much I 
can look at a patient’s chart before I go to see them, but I’m not busy now and I’m 
checking because the triage note said this has happened before. 
 
Doctors thus appear to be able to adaptively manage their time and resources by altering 
goal enactment behaviors. However, quantitative analyses failed to support this assertion. 
At this time I can say only that an effect of shift difficulty is possible but unconfirmed.  
3.6.2.6. Separate analyses of goal enactment for residents and attending 
physicians. As before, we analyzed residents and attending physicians separately. We 
found notable differences in the between-doctor variability of residents and attending 
physicians on goal enactment factor scores (ICC for the residents = 0.31, attending 







Graph of the Goal Enactment Factor Scores (Z) for Residents and Attending Physicians 
 
3.6.2.6.1. Residents. For residents alone, the ICC for the goal enactment behaviors 
was 0.31, indicating substantial between-doctor variance between residents on this factor. 
Unlike the resident-only analysis for the goal establishment factor, Level 1 analyses 
indicated that patient difficulty was related to resident behavior on the goal enactment 
factor such that residents demonstrated more behaviors with more difficult patients (see 
Table 8). I next attempted to account for intercept variance using Level 2 predictors. 
Unlike the analysis of the goal establishment factor that did not demonstrate contextual 
effects for residents, Level 2 analyses indicated that hospital predicted goal enactment 
behaviors such that residents performed more goal enactment behaviors in the urban 
hospital. Shift difficulty and experience did not predict intercept variance for the 


























allowing variation in the slope improved model fit, χ2diff (2) = 4.71, p < .05, indicating 
significant slope variability on goal enactment behaviors for residents. This variance in 
slope was investigated using Level 2 predictors with nonsignificant results.  Shift 
difficulty, experience, and hospital did not explain differences in the relationship between 
patient difficulty and goal enactment scores within the residents.  
Table 8 
Multilevel Results for Residents on the Goal Enactment Factor  
 
 3.6.2.6.2. Attendings. For the attending physicians, the ICC for the goal enactment 
factor was 0.06, indicating no significant variance in the intercept on this factor and 
suspending further multilevel analysis. Although the residents had sufficient variability 
for multilevel modeling, the attending physicians did not. Multiple regression was used to 
model attending physician behavior instead.  
We conducted forward, backward, and stepwise regression to construct a model 
for the attending physicians’ goal enactment behavior, under the assumption that each 
observation was independent. Variables with consistent support across these methods 
Model and Parameter
Parameter 
Estimate SE t df p
Residents
     Level 1
             *Patient Diff 0.65 0.08 8.44 133.00 <0.01
     Level 2
          Intercept:
               Experience 0.18 0.20 0.88 13.00 0.40
               Shift Diff -0.02 0.02 -1.04 13.00 0.32
             *Hospital -0.50 0.20 -2.48 13.00 0.03
          Slope:
               Experience -0.09 0.19 -0.49 13.00 0.63
               Shift Diff -0.03 0.02 -1.65 13.00 0.12
               Hospital -0.16 0.19 -0.85 13.00 0.41
Note. Predictors with an * are significant at p < 0.05.
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were retained for further analysis from a repeated measures perspective. The hospital 
where the doctor worked and patient difficulty emerged from the regression analyses.  
 After identifying the variables of interest, we used an ANOVA framework to 
construct models that included the effect of which doctor saw the patient. We used the 
ANOVA framework because we needed to acknowledge the nesting of patients within 
doctor and doctor within hospital, and we wanted to ensure that we used the correct error 
term for our analyses. The results of the analyses are presented in Table 9. 
Table 9 
ANOVA Results for the Attending Physicians on the Goal Enactment Factor 
   
 
 
As in the residents, patient difficulty was a significant predictor of attending 
physicians’ goal enactment behavior such that the attending physicians performed more 
goal enactment behaviors for more difficult patients, F(2, 82) = 31.78, p  < 0.01. Unlike 
the residents, hospital was not a significant predictor of goal enactment behaviors, F(1, 7) 
= 1.01, p > 0.05. The interaction between hospital and patient difficulty was statistically 
significant, F(2, 82) = 3.27,  p < 0.05. However, I was uncertain how to further partition 
the residual error term for the interaction, and I suspect that a test using the proper error 
term with reduced df would not be statistically significant. In addition, the hospital x 
patient difficulty interaction was especially sensitive to sampling error due to small and 
unevenly distributed numbers of each level of patient difficulty across the attending 
Variable df Type III SS Mean Square F p
Model 12 16.10 1.34 7.66 < 0.01
*Patient Diff 2 11.14 5.57 31.78 < 0.01
  Hospital 1 0.32 0.32 1.01 0.35
  Doctor w/in Hospital 7 2.23 0.32 1.81 0.10
  Hospital x Patient Diff 2 1.15 0.57 3.27 0.04
  Error 82 14.37 0.18
Note. Predictors with an * are significant at p < 0.05. Bold - see discussion of significance.
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physicians. At this time we do not feel that there is sufficient evidence to claim an 
interaction between hospital and patient difficulty, but we cannot reject the possibility 
that the interaction exists.  
3.6.3. Reducing metacognitive uncertainty.  
3.6.3.1. Quantitative analysis of metacognitive uncertainty reduction. The final 
set of models explored variability in the uncertainty reduction measure.  The ICC for the 
uncertainty reduction factor was 0.18, indicating substantial between doctor variance in 
the uncertainty reduction factor. Level 1 analyses indicated that patient difficulty was not 
significantly related to uncertainty reduction behaviors (see Table 10). I next attempted to 
use Level 2 predictors to account for intercept variance with nonsignificant results. A 
deviance chi-squared test indicated that allowing variation in the slope improved model 
fit, χ2diff (2) = 7.21, p < .05, indicating significant slope variance for the uncertainty 
reduction factor. Analysis of slope variance using Level 2 predictors did not predict 
variance in the uncertainty reduction factor scores. Unlike the goal establishment and 
goal enactment factors, the contextual variables in this study did not predict variance in 











Multilevel Results for the Uncertainty Reduction Factor 
 
3.6.3.2. Uncertainty reduction within residents and attending physicians.  
3.6.3.2.1. Residents. The ICC for the uncertainty reduction factor for the residents 
was 0.14, indicating sufficient between doctor variance in the residents to justify further 
analysis. Level 1 analyses indicated that patient difficulty did not predict uncertainty 
reduction behaviors in the residents (see Table 11). Further analyses using Level 2 
predictors to investigate intercept variance indicated that shift difficulty, experience, and 
hospital also failed to account for intercept variance in the uncertainty reduction 
behaviors. A deviance chi-squared test demonstrated that allowing the slopes to vary did 
not improve the model fit, χ2diff (2) = 1.76, p > .05, indicating the presence of only 
intercept variance for the residents on the uncertainty reduction factor. As before, I still 
used Level 2 predictors to analyze slope variance. Level 2 predictors failed to account for 
significant slope variance in the resident physicians.  
Model and Parameter
Parameter 
Estimate SE t df p
Uncertainty reduction
     Level 1
               Patient Diff 0.06 0.10 0.63 228.00 0.53
     Level 2
          Intercept:
               Experience -0.02 0.02 -1.05 22.00 0.31
               Shift Diff 0.00 0.02 -0.23 22.00 0.82
               Hospital -0.03 0.22 -1.33 22.00 0.90
          Slope:
               Experience 0.01 0.02 0.28 22.00 0.78
               Shift Diff -0.01 0.02 -0.36 22.00 0.72
               Hospital 0.17 0.30 0.57 22.00 0.57




Results for Residents and Attending Physicians on the Uncertainty Reduction Factor 
 
 3.6.3.2.2. Attendings. The ICC for the uncertainty reduction factor for the 
attending physicians was 0.14, indicating that there was significant between doctor 
variance in uncertainty reduction behaviors for attending physicians. Level 1 analyses 
indicated that patient difficulty did not predict intercept variance on these behaviors. 
Level 2 predictors likewise failed to account for variance in the intercept for attending 
physicians. A chi-squared deviance test tested improvement in model fit when the slope 
Model and Parameter
Parameter 
Estimate SE t df p
Residents
         Level 1
               Patient Diff 0.04 0.16 0.23 133.00 0.82
         Level 2
          Intercept:
               Experience 0.24 0.33 0.71 13.00 0.49
               Shift Diff -0.01 0.03 -0.26 13.00 0.80
               Hospital -0.02 0.33 -0.06 13.00 0.96
          Slope:
               Experience -0.10 0.42 -0.23 13.00 0.83
               Shift Diff -0.03 0.04 -0.73 13.00 0.48
               Hospital -0.05 0.42 -0.12 13.00 0.90
Attending Physicians
         Level 1
               Patient Diff 0.10 0.08 1.31 90.00 0.19
         Level 2
          Intercept:
               Experience 0.01 0.02 0.30 5.00 0.78
               Shift Diff -0.01 0.01 -0.63 5.00 0.56
               Hospital 0.19 0.23 0.80 5.00 0.46
          Slope:
               Experience 0.00 0.04 0.13 5.00 0.90
               Shift Diff 0.00 0.03 -0.08 5.00 0.94
               Hospital 0.47 0.49 0.95 5.00 0.38
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varied with significant results, χ2diff (2) = 31.26, p < .01, indicating the presence of slope 
variability on this factor. Level 2 predictors examined the variability in slope. 
Experience, hospital and shift difficulty did not predict slope variance in the uncertainty 









There are three broad findings from this study: I have identified three factors 
corresponding to different functions fulfilled during medical reasoning, I have identified 
general effects of context sensitivity that vary with each factor, and I have identified 
differential effects based on experience. I have identified distinct phases of medical 
problem solving and demonstrated that these phases are differentially affected by 
experience and contextual factors, demonstrating the importance of information gathering 
in medical expertise.  
As the goal establishment measure demonstrated, experts exhibit more focused 
information gathering and form more targeted, specific goals for themselves. They also 
evaluate the fit of their goals to the situation over time. The information-gathering skills 
associated with determining the problem and evaluating goal appropriateness are clearly 
important to expert performance. These skills, along with how they are developed and 
used, have not been well described in the human factors literature, and problem solving 
processes in dynamic, ill-structured domains have not been addressed in the cognitive 
psychology literature. 
These findings support and expand Feufel’s (2009) work with convergent 
methods and measures. I have identified specific contextual effects on behavior separate 
from the patient being treated, and investigated trends across the development of 
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expertise in doctors dealing with multiple patients simultaneously. These findings 
question the utility of the patient as the unit of analysis in investigations of the 
development of expertise.  The distinction between goal establishment and enactment, 
and their differential relationships to hospital and expertise emphasizes the role of 
accommodating to system constraints (as well as educational practices) in the 
development of expertise. 
4.1. Discussion of the Three Factors 
The factor analysis revealed three types of behavior that distinguish between ED 
doctors, all touching on information gathering. Behaviors in the goal establishment factor 
allowed the doctors to determine a proper plan of action for a patient and included using 
the patient as a source of information and soliciting contributing factors. Behaviors in the 
goal enactment factor allowed the doctor to confirm that a plan was appropriate and 
implement the plan. The goal enactment factor consisted of evidence evaluation 
behaviors, considering diagnoses or narrowing diagnoses, managing the hospital system, 
using tests and images as a source of information, considering logistics when caring for a 
patient, and collaborative behaviors with the patient. The uncertainty reduction factor 
reduced doctors’ metacognitive uncertainty and consisted of looking up information 
using reference materials. These factors indicate that ED doctors can be distinguished 
from one another based on how they form goals, how they ensure the appropriateness of 
their actions, and how they execute their plan in the context of the hospital and larger 
medical setting. To the best of my knowledge, this is the first quantitatively founded 
description of the specific behaviors that differentiate doctors practicing emergency 
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medicine, allowing us to begin to parse out and account for the variance in doctor 
behavior. 
4.1.1. Goal establishment. The behaviors in the goal establishment factor help 
establish the scope of the patient’s problem and determine the doctor’s goal. Interviewing 
the patient is one of the earliest steps to providing care, which supports the interpretation 
of this factor as a group of goal setting behaviors. The inclusion of finding out about 
contributing factors that may alter the patient’s presentation from a “standard” 
presentation further reinforces this interpretation. Gathering a good history and physical 
from a patient was one of four core areas used in developing a performance evaluation 
for clinical clerkships during training (Alexander, Bloom, Falchuk, & Parker, 2006). This 
indicates that the interview is the primary time to establish the patient’s problem and set 
goals, whereas tests ordered after the interview serve to reinforce and confirm this goal. 
This factor is especially important because despite a focus on diagnosis in medical 
reasoning research, with the exception of Feufel (2009) the behaviors that facilitate 
problem identification are unstudied in the expertise literature.  
4.1.2. Goal enactment. The behaviors in the goal enactment factor correspond to 
the action-oriented phase of caring for a patient.  In general, medical reasoning research 
has neglected patient care delivery in favor of diagnostic reasoning. System management 
behaviors, patient logistics, and collaborative behaviors are necessary to implement care 
in the most efficient manner and in a way that will best fit the patient’s needs. Diagnostic 
behaviors, evidence evaluation behaviors, and using tests and images help to confirm the 
patient’s status and ensure that the planned actions are appropriate for the patient. The 
confirmatory and planning elements of the goal enactment factor are evident when the 
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doctors order labs with expected results in mind, when a doctor adjusts a care plan based 
on unforeseen test results, or when a doctor orders labs to “push” towards an admission. 
These findings also converge with those of Feufel (2009).  
Goal enactment behaviors and goal establishment behaviors are distinct from one 
another, but also interact in a feedback loop driven by the primary problem of 
admit/discharge. The doctors form an initial plan to admit or discharge based on the 
patient interview, order tests to help justify or confirm that impression, and then 
implement or adjust the plan based on the results of the tests. A doctor may use tests to 
“push” for an admission, but results can also lead to the identification of new, 
unanticipated problems such as in the case of the doctor who indicated he sometimes 
made unexpected findings using his established lab template.  
4.1.3. Uncertainty reduction. The uncertainty reduction factor represents 
recognizing uncertainty in one’s knowledge of technical information such as medication 
dosage or the clinical criteria for making a diagnosis. Pocket-sized medical references, 
internet searches, or data stored on smart phones serve as permanent information storage 
that the doctors can use to double-check themselves. One 3rd year resident even referred 
to her Blackberry as her “external brain”. If a doctor is unsure about something, these 
behaviors can help alleviate that uncertainty. Variability in uncertainty reduction suggests 
the continuing importance of metcognitive factors in reasoning in the acquisition of 
professional skill (Dominguez, Flach, McDermott, McKellar, & Dunn, 2004). 
These three factors are functionally and theoretically distinct from one another, 
and each is involved in a different aspect of care delivery. Each factor was affected 
differently by the predictor variables, further supporting the differentiation of the factors. 
 
 88 
Each factor involves information gathering behaviors, but for different purposes. Taken 
together, these factors illustrate the importance of information gathering to each phase of 
care delivery. Researchers can begin to separate conceptualizations of expert vs. novice 
skill from the description of the problem solving process and investigate each 
phenomenon.  
4.2. Discussion of the Effects of Context Sensitivity  
Further efforts to model these factors substantiated the difference between them. I 
examined three variables to explain factor differences between doctors: the hospital 
where the doctor worked, the difficulty of the patient being treated, and the difficulty of 
the doctors’ shift. I was able to explain behavior in the goal establishment factor and the 
goal enactment factor. Patient difficulty also served as a control for the other contextual 
variables. The presence of contextual effects beyond the influence of the patient being 
seen indicates that the isolated patient as the unit of analysis in medical reasoning 
research may obscure other important influences on problem solving. I will first discuss 
the impact of hospital, patient difficulty, and shift difficulty on the goal establishment and 
goal enactment factors in terms of the overall analysis. A later section will address how 
experience differentially affected the relationship between these predictors and behavior. 
None of the predictor variables used in this study accounted for variance in uncertainty 
reduction behaviors between or within doctors. The doctors seem to ignore contextual 
effects such as being busy in order to gather the information that they need, and they 
forgo other sources such as staff members. The lack of contextual influence on behavior 
may indicate a primarily cognitive nature for these behaviors. At this stage I have no way 
to explain variation in the recognition of uncertainty in one’s medical knowledge. 
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4.2.1. The effect of patient difficulty on goal establishment and goal 
enactment behaviors. Patient difficulty increased goal establishment and goal enactment 
behavior for all doctors. On average, doctors performed more goal establishment and 
enactment behaviors for more difficult patients. Simple patients have fairly 
straightforward complaints that do not require much on the part of the doctor. 
Complicated patients, on the other hand, may require a lengthy stay in the emergency 
room and may have a more dynamic disease course. A more complex, longer, or more 
dynamic disease course may require the doctor to gather more information in order to 
identify what needs to be done for the patient from an emergency standpoint. Once this 
assessment is made, the doctor is more likely to have to check on the patient periodically 
and update their understanding of the patient’s condition. Consistent with Feufel (2009), 
the doctors don’t apply the same investigative approach to every problem. They tailor 
their information seeking to get the amount of information they need – no more, no less. 
This intuitive finding becomes more interesting with the recognition that the 
patient difficulty score encompasses behaviors for difficult patients who are not 
necessarily complicated from a medical standpoint, such as the patient who complained 
of “just gastroenteritis” but the attending physician believed would “elevate her 
symptoms” without a thorough workup up-front. This suggests that medical competence 
is not dependent on technical skill alone. Proficient medical practice requires mastery of 
the social norms of the medical domain and the patient population as well. Future 
research should separate the different sources of difficulty and their potential interactions 
with experience for different acquisition trajectories. The immediate context of the 
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patient being treated affects doctors’ behaviors, just as the broader context of the hospital 
work system affects behavior.   
4.2.2. The effect of hospital. The presence of any hospital effects reinforces the 
non-technical influences on the competent practice of medicine. The effect on goal 
establishment and goal enactment differ, further reinforcing the distinction between them 
revealed in the factor analysis.  
4.2.2.1. The effect of hospital on the goal establishment factor. Unlike patient 
difficulty, hospital did not directly affect goal establishment behaviors in the overall 
analysis. Hospital had a slope effect such that hospital affected the relationship between 
patient difficulty and goal establishment scores. The relationship was positive in the 
suburban hospital but inconsistent in the urban hospital. One possible explanation for this 
interaction is the difference in patient population. The suburban patients were better 
educated on average than the urban patients, so the suburban patients may have been able 
to give more detailed histories or explanations of their symptoms. In addition, the 
suburban patients were more likely to have primary physicians, so their medical history 
was likely to have more detailed information (suburban patients can relay more 
information about past tests, doctor visits, or diagnoses). As a previous quote hinted, 
suburban patients will also have different expectations of care. They may be more likely 
to expect that the doctor will sit with them longer during the interview, or expect to be 
more of a partner in the care process. There is therefore more room for goal establishment 
scores to increase in the suburban hospital as patient difficulty increases.  
A second possible explanation for the interaction is related to the work system of 
each hospital. The urban hospital used an electronic records system, whereas the 
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suburban hospital used a primarily paper-based system (some records were electronic). 
The suburban hospital’s records system may not have offered easy access to a patient’s 
history, forcing the doctors to rely more on the patient. Conversely, the urban patients 
may not be able to provide as much detail about their medical history, forcing the doctors 
to rely on the medical record or other sources of information. Goal establishment scores 
did not include using the medical record. Scores at the suburban hospital would be higher 
in these cases, whereas scores at the urban hospital may not change much even as the 
doctor gathers more information. 
4.2.2.2. The effect of hospital on the goal enactment factor. I found a between 
doctor effect of hospital such that doctors on average performed more goal enactment 
behaviors at the urban hospital than the suburban hospital. The hospital setting affects 
behaviors such as ordering tests and images or system management behavior by altering 
the doctors’ work structure and work constraints. The higher proportion of uninsured and 
low SES patients at the urban ED forced the doctors to engage in logistic behaviors such 
as finding free clinics or cheaper medications for their patients. The mechanisms of the 
impact of the work setting on behaviors such as evidence evaluation, diagnostics, and 
collaboration with the patient are less apparent. Perhaps the patient population and typical 
complaints in one hospital tend to foster more of these types of behaviors, or the work 
system somehow promotes or facilitates them. For example, relatively low patient 
socioeconomic status and education levels may affect the explanations given to patients. 
These patients may also present with more comorbidities and more advanced problems 
due to a general lack of primary care.  
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These findings demonstrate the importance of context to the delivery of care in 
the emergency setting. The broad setting including work practices, record systems, and 
the patient population influences the administration of care. This finding has important 
implications for attempts to standardize and therefore limit health care costs across 
offices, hospitals, or regions within the state and across the country. Differences in 
behavior based on patient population or work systems challenge the attempt to 
standardize care across regions of the country. Variability in care may never be 
eliminated (and may not need to be), but by understanding contextual effects researchers 
can begin to manage care variability in predictable ways.  
4.2.3. The effect of shift difficulty on goal establishment and goal enactment 
behaviors. Qualitative analyses indicated that shift difficulty affected goal enactment 
behaviors, but quantitative analyses failed to support this finding in the overall sample. I 
cannot say the effect exists, but I cannot rule it out, either. On the one hand, doctors must 
address each patient individually and offer the required aid without regard for what has 
happened with another patient. On the other hand, doctors only have so much time or 
resources available to them with which to manage their patient load. These limitations 
demand that the doctors change their behavior to be able to cope. The qualitative and 
quantitative analyses failed to converge on the status of the effect of shift difficulty, 
leaving the existence of this effect open to further exploration. The doctors self-limit the 
number of patients they see at any one time, so range restriction could limit our ability to 
detect effects.  
Emergency physicians deliver care to multiple patients simultaneously, under the 
constraints imposed by the hospital and the broader medical system. Studies of medical 
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expertise that use paper-based vignettes tend to focus on a single patient at a time, fail to 
address the non-diagnostic aspects of medical care, and do not account for external 
constraints or influences on physician behavior. 
4.3. Discussion of the Differential Effects of Experience 
 A comparison between resident and attending behaviors offered insight into the 
behavioral changes that occur as doctors develop expertise. Contrasting the behavior of 
attending physicians with the behavior of resident physicians allows us to begin to move 
beyond simple description and to clarify the specific effects of experience on expert 
behavior. I have discussed general effects in the goal establishment and goal enactment 
factors. This section will explore distinct effects on these factors in the residents and 
attending physicians, apart from the overall analysis. The lack of contextual influences on 
resident goal establishment behavior implies that experience outweighs contextual 
effects. Different contextual influences on the goal enactment factor imply that 
experience outweighs contextual effects on this factor, as well. These differences may be 
due to training emphases.  
4.3.1. Resident behaviors. 
4.3.1.1. Goal establishment. Work context did not appear to influence residents’ 
goal establishment behaviors. Patient difficulty, shift difficulty, and hospital failed to 
explain variance in residents’ behaviors, perhaps because the less experienced residents 
were not yet able to adapt their interviews as effectively as the attending physicians. The 
residents may not have been as sensitive to context if they were still using algorithmic 
interview questions from their training rather than more personalized interviews 
developed with experience. The residents may have been using a sort of mental checklist 
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regardless of the hospital setting, going through the interviews by rote more than based 
on individual patient presentations.  
Training may also fail to foster context sensitivity. Attending physicians are 
required to supervise resident physicians’ treatment choices, but rarely have an 
opportunity to observe the residents’ patient interviews. Attendings therefore give 
residents regular feedback on their goal enactment decisions, but are rarely able to offer 
advice on goal establishment. Goal enactment behaviors also have a more tangible cost 
(in terms of both money and patient outcome), warranting a focus in a clinical training 
setting. Goal establishment, on the other hand, doesn’t typically cost anything but time 
(certainly valuable in an emergency setting, but unlikely to lead to poor outcomes) and so 
may only warrant feedback in the case of excessively long interviews.  
Another possible explanation for the lack of context effects in the residents is the 
monthly hospital rotation. Unlike most attending physicians, residents rotated through 
several different hospitals. This monthly rotation may limit the influence of any specific 
work system or patient population on the patient interview by making it difficult or 
impractical to adjust before moving to the next hospital. Using a one-size-fits-all 
interview may be adaptive in such circumstances.  
4.3.1.2. Goal enactment. Findings for the residents on the goal enactment factor 
mirrored findings from the overall analysis. Unlike the attending physicians, who were 
only affected by patient difficulty, residents were affected by both hospital and patient 
difficulty. Hospital affected resident goal enactment behavior such that residents 
performed more goal enactment behaviors at the urban hospital. Shift difficulty affected 
resident behavior such that residents performed more goal enactment behaviors for more 
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difficult patients. The presence of a hospital effect for the residents is interesting given 
the lack of such an effect for attending physicians. Perhaps the residents lack a stopping 
rule for goal enactment behaviors, leading them to do more than perhaps they should as 
emergency physicians. This may be a product of an inadequate stopping rule during goal 
establishment, leading residents to attempt to do too much in the urban hospital where 
more patients may need care that an emergency setting is not meant to provide.  
4.3.2. Attending physician behavior.  
4.3.2.1. Goal establishment. As in the overall analysis, attending physicians 
adapted their goal establishment based on patient difficulty. Unlike the overall analysis, 
attending physicians also adapted behavior to the difficulty of their shift. The effect of 
shift difficulty is important regarding the response to time pressure in an emergency and 
should be investigated further (Payne, Bettman, & Johnson, 1998). Attending physicians 
were generally more sensitive to context in the goal establishment factor when compared 
to residents.  
Attending physicians’ goal establishment behaviors reflected the hospital where 
the doctor worked. This was an intercept effect, unlike the slope hospital effect found in 
the overall analysis. Attending physicians in the suburban hospital asked the patient more 
questions than attending physicians at the urban hospital. The hospital work system offers 
a possible explanation. The suburban hospital used paper forms called t-sheets to 
document the patient’s care. Many doctors took these sheets with them into the room in 
order to document while they interviewed the patient to save time. These sheets also 
served as reminders of what to ask the patient. The doctors in the urban hospital did not 
have paper sheets (their documentation was recorded electronically). The attending 
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physicians at the urban hospital therefore lacked a reminder about what to ask patients 
during interviews. These doctors may have asked fewer questions if they forgot to ask 
certain things for documentation, or they may have been less constrained by the questions 
on the t-sheet, allowing them to ask only the questions they thought were necessary rather 
than fill out an entire form.  
4.3.2.2. Goal enactment. Attending physicians did not demonstrate significant 
differences from each other in their goal enactment behaviors. Regression and ANOVA 
revealed that patient difficulty significantly predicted goal enactment behaviors for the 
attending physicians, similarly to the overall analysis. Although the overall analysis 
indicated that hospital affected goal enactment behaviors, analysis of the attending 
physicians revealed that the hospital in which the attending physicians worked did not 
affect these behaviors. This finding is unexpected given the strong qualitative indications 
of a hospital effect. Qualitative and quantitative findings do not always converge.  
There are two likely explanations for low variability across attending physicians: 
homogeneous behavior among attending physicians, or low power in the quantitative 
tests. As mentioned before, the medical system allows doctors to be relatively flexible 
when gathering information and determining a patient’s problems. Once a goal is 
identified, however, best practices and other constraints limit a doctor’s flexibility. 
Different doctors are likely to address the same problem in largely similar ways. 
Different medications or treatments may be selected for a bacterial infection, for 
example, but a patient is likely to get some sort of medicinal intervention. Unfortunately, 
the observations in this study did not have a fine enough resolution to make the 
distinctions that would separate doctors based on specific treatment decisions.  
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Attending physicians may also behave homogeneously because they use routine 
to help control and stabilize their own behaviors and to reduce workload. The attending 
physician who used a workup template illustrates this practice. The attending physician 
said that the template allowed him to keep track of his patients because if every patient 
receives the same workup there is no need to think about whether a specific patient 
received a given test.  
4.3.3. Summary of residents vs. attendings. The attending physicians seem 
more sensitive than residents to context for goal establishment behavior. Residents were 
more sensitive to context on the goal enactment factor. Context sensitivity in the goal 
enactment factor may be maladaptive, however, because it may be in indication that the 
residents are taking on too much. Overall, it seems the residents may need to increase 
context sensitivity for goal establishment, but decrease sensitivity for goal enactment (or 
at least match enactment behaviors to context more carefully) as they gain experience.  
The task of forming goals offers doctors some degree of discretion compared to 
the task of fulfilling those goals (providing treatment) (Shalin & Bertram, 1996). Doctors 
are free to inquire about past history, types of symptoms, and go into the level of detail 
that they believe is necessary for generating a plan for the patient. In general, more 
experienced doctors tended to ask the patient fewer questions. Attending physicians are 
able to utilize this flexibility to efficiently acquire the information necessary to establish 
patient goals. Residents, on the other hand, may take longer to learn to narrow their line 
of questioning.  
Differences between attending and resident physicians in goal establishment 
could be a product of greater medical knowledge on the part of the attending physicians 
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when compared to residents. Large differences in medical knowledge seem unlikely, 
however, given that the residents had at least one year of prior experience and had 
completed their medical degrees. A more plausible explanation is that the attending 
physicians may have a better grasp of the medical-legal or administrative minimums and 
are able to work near these boundaries more effectively when time prohibits more 
extensive interviews. Attending physicians may me able to shorten their interviews 
without making the patient feel neglected. For example, attending physicians sometimes 
gave residents tips such as sitting down during the patient interview in order to make the 
patient feel like they received more attention, even when the total amount of time in the 
patient’s room is the same as if the doctor had remained standing. 
The residents and attending physicians did not differ from one another in the 
overall number of goal enactment behaviors, but different variables predicted the two 
experience groups’ behaviors. The similar number of overall behaviors could be a result 
of established care practices – a given problem should be addressed in a limited number 
of ways. Doctors may have more flexibility when determining the problem (hence the 
declining numbers of goal establishment behaviors with experience), but not with 
addressing the problem. 
Sampling issues may also account for these findings. One of the major 
quantitative limitations of this study is small sample sizes and unequal n’s across doctors. 
I may have failed to find significant effects due to the low sample size, or some of the 
findings could have been the result of sampling error. Other examples using different 
doctors may lead to different hypotheses. The point here was simply to exploit 
comparison to reveal the potential source of differences.  
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4.4. Discussion of the Implications for the Patient as the Unit of Analysis 
 These results offer important implications for the study of emergency medicine, 
and the study of problem solving and expertise more generally. The first implication is 
that context can have a drastic effect on behavior, with nominally unrelated patients or 
problems interacting to affect how the doctor addresses each of them individually (e.g., 
Brooks, Norman, & Allen, 1991), and work practice impacting several aspects of care. 
With the notable exception of Feufel (2009), previous studies of medical reasoning have 
failed to address the dynamic nature of practicing medicine and have not accounted for 
the work context or the constraints imposed by multiple patients. Given the possible 
effects of shift difficulty, a second implication is that doctors may selectively and 
adaptively modify their behavior in order to cope with temporal or other demands such 
that some less-critical behaviors are reduced whereas others are preserved. This 
conclusion builds on converging evidence from Feufel’s dissertation work (2009). 
4.5. Strengths and Limitations 
 The strengths and weaknesses of this study are both due to the observational 
design. The primary strength of the study was the setting in which observations took 
place. The natural setting allowed the observer to record behaviors in the real world 
under influences such as time pressure, multiple patients, or interruptions. Unlike more 
traditional laboratory studies of medicine that utilize single, static paper scenarios that 
provide all information up front, the doctors in this study actively gathered data and 
managed multiple, often dynamic patients. Using real-world practitioners also provided 
an opportunity to compare experts to journeymen rather than novices. The residents in 
this study were not true novices; they had medical degrees and at least one prior year of 
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residency. This study therefore provides insight into the changes in decision making 
beyond the novice stage of learning. This context would have been difficult to replicate 
using a laboratory setting. I was also able to attain enough repetition to allow me to 
unconfound our independent variables in order to tease out the unique effects of 
individual contextual factors. Using a natural setting comes with its own difficulties, 
however, discussed below. 
This study has several limitations caused by the observational nature of data 
collection. The first two limitations are due to the data recording method, and the next 
two are due to practical limitations of an observational study. One limitation is a product 
of the particular domain of interest, whereas the final limitation is unavoidable in an 
observational setting. The first limitation is that notes were taken by hand with no 
objective recording device such as video or audio equipment. Consequently, events 
sometimes happened faster than the observer could record them (questions asked during 
patient interviews, for example) and data would be missed. There is no basis to believe 
that there were systematic differences in the data that was missed between subjects or 
patients, however.  
 A second limitation is that notes were limited to explicitly observable behaviors 
or thought processes that were stated aloud by the doctor being shadowed. Despite efforts 
by the observer to elicit the doctors’ thoughts on a patient, some doctors were more 
forthcoming about their thought processes or what they were doing than other doctors. 
Simply because a consideration or thought was not observed and recorded by the 
observer does not necessarily indicate that it did not occur. One advantage provided by 
the teaching environment was that residents were required by the system to verbalize 
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many of their thought processes while they reported to their attending physician. 
Unfortunately, this influence is not spread equally across the doctors and levels of 
expertise in the study (attending physicians do not report to anyone). Thought processes 
particularly related to goal enactment (especially diagnostics and evidence evaluation) 
may therefore have been more easily captured in the observations for the residents than 
the attending physicians. This will need to be explored further in subsequent analyses, 
perhaps by examining the differences between second and third year residents rather than 
between residents and attending physicians. Similarly, the resolution of the observations 
was limited. I was only able to evaluate behavior at a gross level; I could not distinguish 
between specific treatment methods or rationales in order to make fine distinctions 
between doctors’ behavior.  
 The third limitation of the study was sample size. Although the sample was large 
for an observational study, the sample size was small by quantitative standards. As a 
result, sampling error may have affected the findings of this study. This is especially 
likely when investigating effects within the residents or attending physicians. In 
particular, the interaction between hospital and patient difficulty among attending 
physicians on the goal enactment factor appeared to be caused by only one or two 
doctors.  
 A fourth limitation caused by the observational nature of the study is the lack of 
“ground truth” or other measure with which to determine performance. The observer’s 
own lack of medical expertise and the unavailability of patient outcomes or records, 
coupled with the cumbersome nature of adequately defining all of the components of 
good performance means that a performance metric was unavailable. This lack of a 
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performance variable makes it impossible to link observed behaviors with patient 
outcome or other performance measures, meaning that these patterns of behaviors cannot 
be conclusively linked to varying degrees of expertise.  
An additional limitation is that experience and shift difficulty were correlated 
with one another. I believe that the correlation is a product of the teaching system, driven 
by experience. The teaching setting requires attending physicians to supervise resident 
physicians, meaning that attending physicians have to check on residents’ patients as well 
as their own. This adds to the attending physicians’ overall shift difficulty compared to 
the residents’. I tried to mitigate the impact of this relationship by centering my 
predictors and eliminating residents’ patients from the calculation of attending 
physicians’ shift difficulty score. Experience affected the behaviors in the goal 
establishment factor, but the correlation with shift difficulty makes it difficult to interpret 
individual effects. Future analyses of just 2nd and 3rd year residents (whose shift 
difficulties were similar – see Table 3) or with different variables may be able to explore 
these relationships more effectively. 
 The most obvious limitation of an observational design is that the doctors or 
patients may have changed their behaviors due to the presence of the observer. Although 
this possibility can never be completely ruled out, it seems unlikely that the doctors 
significantly altered their behavior for several reasons. The first reason is that the task 
demands of practicing emergency medicine largely preclude altering behaviors in a 
substantial way because it could jeopardize patient safety or increase costs. One resident 
even stated that “even if I cared enough about your study to change my routine (with 
patients), I wouldn’t.” Nearly all of the doctors being observed forgot to introduce the 
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observer to at least one patient, implying that the doctors were executing their normal 
routine or had forgotten about the observer altogether. The second reason doctors are 
unlikely to have altered their behavior is that the observer was familiar to the subjects due 
to his prior presence at meetings and seminars. The observer also had an insider’s support 
through the endorsement of one of the medical school’s faculty members, who provided 
support to the project and introduced the observer to the residents and attending 
physicians prior to the start of the project. The doctors were also assured during this 
introduction and on the consent form that performance assessment was not a part of this 
study.  
Another reason that the doctors are unlikely to have altered their behavior 
substantially is that the study was conducted in teaching hospitals. The residents were 
accustomed to periodically having medical students shadow them, and the attending 
physicians were accustomed to working with residents. The addition of the observer is 
thus not a radical departure from the normal routine. Finally, the observer was with the 
doctor for many hours, making it likely that the doctor would become accustomed to the 
observer’s presence. The observer also conducted hundreds of hours of observations in 
the EDs, allowing doctors not being shadowed at the time (and other department staff, as 
well) to become familiar with the study and grow accustomed to the observer’s presence. 
The observer also tried to put the doctors at ease by answering any questions about the 
study and even showing them the notes that were taken if they wished, and by trying to 
be generally helpful (see the discussion of helpful behaviors in the methods section).  
Whereas the doctors are unlikely to have altered their behaviors significantly, 
there are fewer reasons to feel confident that the patients did not alter their behaviors in 
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the presence of the observer. This still seems unlikely, however, again due to the demand 
characteristics of the situation and the fact that the patients had the opportunity to decline 
to have the observer present at any time.  
An additional limitation is a result of the way that shift difficulty scores were 
calculated. Shift difficulty was calculated as the sum of the patient difficulty during a 
shift, but patients seen early in a shift are unlikely to be affected by patients seen later in 
a shift. I do not have a sense of how behavior was affected by difficulty within a shift. 
Shifts may not be consistently busy. There may be ebbs and flows in patient volume 
within a shift, so some periods of a shift may be relatively easy and others may be more 
demanding. It would have been difficult to identify the difficulty of a shift at the specific 
time a patient was seen, however, because a patient’s length of stay may span several 
fluctuations in how busy the doctor was. 
The final limitation of this study is the nature of our outcome variables. The 
outcome variables were based on the variables included in the factor analysis, but the 
factor analysis excluded some variables originally recorded during observations. The 
factor analysis excluded variables from conceptually meaningful groups, does that does 
not mean that these variables were not important. Future research should investigate these 
variables.  
4.6. Future Directions 
 This study was unable to account for the variance in slope on the goal enactment 
and uncertainty reduction factors. Future research should investigate this variance, 
perhaps using variables such as patient’s complaint or the number of patients being seen 
at once, in order to better understand the variables that cause individual doctors to behave 
 
 105 
differently in different situations. Intercept variance in the recognition of uncertainty was 
also unexplained. This behavior should be explored in more detail, as well, to determine 
when and why doctors work to reduce their uncertainty regarding their medical 
knowledge.  
This study was able to demonstrate experience-based differences between 
physicians in the information gathering and goal setting behaviors involved in treating a 
patient, but could only hypothesize about the nature of these differences. Future research 
investigating these hypotheses would be useful. This study also cannot speak to the 
causes of these differences. Goal enactment behaviors appear to be similar across 
residents and attending physicians, but goal establishment behaviors to not. These 
different acquisition trajectories may be the result of cognitive influences, or may be a 
product of the environment. Training may emphasize goal enactment (which is easily 
monitored and has tangible cost), over goal establishment (which is more difficult to 
monitor and the costs of which are less tangible). Research investigating the specific 
mechanisms that lead to these changes over time such as improved mental models and 
how these mechanisms develop would be useful.  
Although this study revealed that experience does predict goal establishment 
behaviors, ED doctors at all three levels of experience demonstrated considerable 
overlap, suggesting that experience alone may not be a sufficient explanation for these 
behaviors. Researchers such as Ericsson have pointed this out, but even Ericsson’s 
deliberate practice framework assumes that significant time on task is required to develop 
expertise. Future research should investigate how some less-experienced doctors are able 
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to demonstrate behaviors similar to their more-experienced colleagues despite having less 
time on task to develop their skills.  
To my knowledge, this is the first study to utilize descriptive multi-level modeling 
for observational data in the medical domain. These results demonstrate the promise of 
this technique, but need to be replicated with new data, just as the present results replicate 
Feufel’s qualitative results. Exploring different patient or contextual variables and 
moving into a laboratory setting would further refine the findings of this study. Using the 
technique in other domains such as military command and control or air traffic control 
would help explore general expertise across domains and further develop the technique 
and help to identify strengths and weaknesses. Perhaps using more robust data recording 
methods, or reviewing notes with subjects during separate interviews in order to elaborate 
on thought processes would lead to more robust data.  
4.7. Conclusions 
 Emergency medicine is a complex domain requiring doctors to solve problems in 
a dynamic, time-sensitive environment. This study was intended to explore the behaviors 
that explain differences among doctors within this domain. I identified three behavioral 
factors that help to differentiate ED doctors. Goal establishment behaviors help the doctor 
establish the patient’s condition and set goals for care. Goal establishment behaviors are 
affected by the doctor’s experience and the difficulty of the doctor’s patient. Goal 
enactment behaviors help to confirm a course of action and implement care effectively. 
Goal enactment behaviors are affected by both the broad context of the work setting and 
the immediate context of the patient. Uncertainty reduction behaviors acknowledge and 
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reduce uncertainty in one’s technical knowledge. I was not able to explain variance in 
uncertainty reduction behaviors.  
 This study also demonstrated the importance of information gathering to expert 
problem solving. The doctors demonstrated significant variability from one doctor to the 
next in how they gathered information from their patients. Although (to the best of the 
researcher’s knowledge) each doctor in the study still made appropriate decisions for 
their patients, some doctors were able to get the information that they needed and set their 
goals more efficiently and presumable more effectively than others. In a time-sensitive 
environment such as emergency medicine, where doctors must cope with multiple 
patients and patient status can change rapidly, the ability to conduct patient interviews 
effectively and efficiently is important. The improved information gathering heuristics 
that the more experienced doctors seem to display have the potential to greatly influence 
successful decision making by ensuring a better starting point for problem solving and 
goal enactment. Although models such as Klein’s (1989) RPD model discuss the 
importance of situation assessment and information gathering, the exact nature of these 
behaviors has not been well addressed in the expertise literature and experience alone 
may not provide a satisfactory explanation.  
 Many theories of expertise favor automaticity and unconscious processes in their 
explanations of expert decision-making. This study does not contradict the importance of 
unconscious processes to decision making. Recognition-type processes could very well 
guide many of the observed behaviors. Rather, this study offers a caution that people are 
also active participants in their decisions. Experts gather information carefully and 
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actively monitor and manage their behaviors in order to achieve their goals, and these 
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 Eigenvalue Difference Proportion Cumulative 
1 6.05086672 3.85622141 0.275 0.275 
2 2.1946453 0.12409727 0.0998 0.3748 
3 2.07054804 0.71538156 0.0941 0.4689 
4 1.35516648 0.14385208 0.0616 0.5305 
5 1.2113144 0.13194299 0.0551 0.5856 
6 1.07937141 0.03689047 0.0491 0.6346 
7 1.04248095 0.1435644 0.0474 0.682 
8 0.89891655 0.076298 0.0409 0.7229 
9 0.82261855 0.08518773 0.0374 0.7603 
10 0.73743081 0.07030851 0.0335 0.7938 
11 0.6671223 0.00973926 0.0303 0.8241 
12 0.65738303 0.05072252 0.0299 0.854 
13 0.60666051 0.04319789 0.0276 0.8816 
14 0.56346262 0.05989397 0.0256 0.9072 
15 0.50356865 0.08319578 0.0229 0.9301 
16 0.42037287 0.079975 0.0191 0.9492 
17 0.34039787 0.00929175 0.0155 0.9647 
18 0.33110613 0.09437072 0.0151 0.9797 
19 0.23673541 0.08967565 0.0108 0.9905 
20 0.14705976 0.08470554 0.0067 0.9971 
21 0.06235423 0.06193682 0.0028 1 












 Factor1 Factor2 
CurSymp 0.84904 0.12945 
PastMed 0.73846 0.10633 
EvEval 0.71375 -0.26017 
Pt 0.66684 0.39262 
TstImg 0.66272 -0.15477 
Dx 0.62106 -0.3828 
SysMgt 0.61364 -0.2904 
MedRec 0.61204 -0.07595 
Other 0.54581 0.12674 
Consult 0.48454 0.01761 
Logistics 0.48127 -0.15927 
Exam 0.46995 0.03301 
Collab 0.44633 -0.31344 
Filter 0.41861 -0.20156 
Misc 0.35553 0.06138 
Staff 0.30882 0.11663 
Treat 0.30864 -0.0867 
Timeline 0.27046 0.16774 
Reference 0.20024 0.71126 
NetRef 0.20187 0.69424 
Cont 0.40904 0.47097 


















 Factor1 Factor2 
EvEval 0.7393 0.17482 
Dx 0.72924 0.02142 
SysMgt 0.67227 0.09455 
TstImg 0.63875 0.23484 
CurSymp 0.63825 0.57469 
PastMed 0.55857 0.49461 
MedRec 0.5531 0.27285 
Collab 0.54514 -0.01663 
Logistics 0.48962 0.13138 
Filter 0.4605 0.06162 
Consult 0.39516 0.28096 
Exam 0.37451 0.28581 
Treat 0.30551 0.09716 
Family 0.28495 -0.08368 
Misc 0.26332 0.24664 
Reference -0.22352 0.70429 
Pt 0.34142 0.69445 
NetRef -0.21281 0.69097 
Cont 0.08297 0.61825 
Other 0.38639 0.4058 
Timeline 0.1338 0.28876 










































FACTOR LOADINGS FOR THE THREE FACTOR MODEL 
 
Unrotated factor loadings for step one 
 Factor1 Factor2 Factor3 
CurSymp 0.84904 0.12945 -0.28633 
PastMed 0.73846 0.10633 -0.14133 
EvEval 0.71375 -0.26017 0.20301 
Pt 0.66684 0.39262 -0.48952 
TstImg 0.66272 -0.15477 0.20108 
Dx 0.62106 -0.3828 0.17686 
SysMgt 0.61364 -0.2904 0.17662 
MedRec 0.61204 -0.07595 0.14529 
Other 0.54581 0.12674 -0.06423 
Consult 0.48454 0.01761 0.16449 
Logistics 0.48127 -0.15927 0.20777 
Exam 0.46995 0.03301 -0.44748 
Collab 0.44633 -0.31344 -0.0185 
Filter 0.41861 -0.20156 0.00446 
Misc 0.35553 0.06138 0.11433 
Staff 0.30882 0.11663 0.05289 
Reference 0.20024 0.71126 0.5624 
NetRef 0.20187 0.69424 0.57433 
Cont 0.40904 0.47097 -0.36312 
Family 0.1921 -0.22649 0.14573 
Treat 0.30864 -0.0867 0.35498 

















Rotated factor loadings for step one 
 Factor1 Factor2 Factor3 
EvEval 0.76184 0.18447 0.0626 
Dx 0.742 0.09468 -0.06333 
SysMgt 0.68947 0.12916 0.00483 
TstImg 0.66829 0.1992 0.13151 
MedRec 0.56805 0.23946 0.14647 
Logistics 0.53237 0.08316 0.09912 
Collab 0.49748 0.15056 -0.16627 
Consult 0.42917 0.18872 0.20578 
Filter 0.42816 0.16524 -0.0725 
Treat 0.41757 -0.09036 0.21508 
Family 0.31857 -0.07775 -0.04366 
Misc 0.28801 0.16313 0.18351 
Staff 0.20062 0.19972 0.17786 
Pt 0.1335 0.89926 0.10935 
CurSymp 0.48467 0.76122 0.07247 
Cont -0.05816 0.6908 0.20096 
Exam 0.17837 0.60084 -0.17133 
PastMed 0.4655 0.5865 0.12626 
Timeline -0.03447 0.51913 -0.08972 
Other 0.33497 0.42647 0.15499 
Reference 0.00896 0.03873 0.92774 
NetRef 0.02333 0.02449 0.92273 
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Unrotated factor loadings for step two  
 Factor1 Factor2 Factor3 
EvEval 0.78741 -0.08828 -0.18609 
Dx 0.73059 -0.20036 -0.2364 
SysMgt 0.64933 -0.15259 -0.18895 
TstImg 0.6222 -0.00955 -0.1177 
Collab 0.52155 -0.23506 -0.02485 
Logistics 0.50934 -0.03866 -0.18375 
Exam 0.36241 -0.0633 0.33782 
Reference 0.19573 0.9243 -0.12433 
NetRef 0.20176 0.91502 -0.14883 
Pt 0.50896 0.10613 0.57658 
Cont 0.34132 0.20003 0.53816 
Timeline 0.20406 -0.00815 0.37491 
 
Rotated factor loadings for step two 
 Factor1 Factor2 Factor3 
EvEval 0.79505 0.07249 0.15834 
Dx 0.78879 -0.03697 0.07897 
SysMgt 0.6871 -0.01171 0.09152 
TstImg 0.60348 0.11079 0.1569 
Logistics 0.5355 0.07567 0.04694 
Collab 0.52582 -0.14048 0.17793 
Reference 0.02306 0.95119 0.05281 
NetRef 0.04021 0.94733 0.03247 
Pt 0.20111 0.08626 0.74489 
Cont 0.04658 0.15719 0.64749 
Exam 0.20233 -0.06112 0.45254 
Timeline 0.03445 -0.03929 0.42372 
 
Unrotated factor loadings for step three 
 Factor1 Factor2 Factor3 
EvEval 0.80257 -0.1079 -0.09981 
Dx 0.7443 -0.21846 -0.1719 
SysMgt 0.6637 -0.16821 -0.09278 
TstImg 0.6329 -0.02594 -0.05422 
Logistics 0.52786 -0.05262 -0.09863 
Collab 0.50535 -0.2393 0.0106 
Reference 0.22672 0.91759 -0.11468 
NetRef 0.23289 0.90798 -0.15847 
Cont 0.2915 0.20613 0.59155 
Pt 0.4347 0.10671 0.55467 
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Rotated factor loadings for step three 
 Factor1 Factor2 Factor3 
EvEval 0.80049 0.07176 0.14068 
Dx 0.79324 -0.02717 0.03591 
SysMgt 0.68451 -0.01343 0.0931 
TstImg 0.60989 0.10704 0.14405 
Logistics 0.5307 0.07259 0.06493 
Collab 0.52737 -0.13566 0.12743 
NetRef 0.03147 0.94654 0.08275 
Reference 0.01162 0.94402 0.12335 
Cont 0.06153 0.10896 0.67951 













 Eigenvalue Difference Proportion Cumulative 
1 3.47985784 1.42462334 0.348 0.348 
2 2.05523449 0.73026344 0.2055 0.5535 
3 1.32497106 0.5515851 0.1325 0.686 
4 0.77338596 0.02914113 0.0773 0.7633 
5 0.74424483 0.24512683 0.0744 0.8378 
6 0.499118 0.06994339 0.0499 0.8877 
7 0.42917461 0.073358 0.0429 0.9306 
8 0.35581662 0.08120711 0.0356 0.9662 
9 0.27460951 0.21102242 0.0275 0.9936 









DISCUSSION OF THE EFFECTS ON COMPONENT VARIABLES WITHIN THE 
GOAL ESTABLISHMENT FACTOR 
 
The overall number of goal establishment behaviors increased as the difficulty of 
the patient increased and declined as doctors become more experienced. These variables 
appear to have similar effects on the individual variables within the goal establishment 
factor (see Table F1). As patients become more difficult to manage, the doctors have to 
obtain more information from them, but this information does not seem to include 
contributing factors (the correlation is not statistically significant). Using the patient as a 
source of information and finding out about contributors both decline with increased 
experience. 
Shift difficulty also predicted the behaviors in the goal establishment factor such 
that doctors engaged in fewer behaviors during busier shifts. These findings support the 













Predictor Contributing variable Pearson's r
Patient Difficulty
* Using the patient 0.23
   Learning contributors 0.01
Experience
* Using the patient -0.38
* Learning contributors -0.30
Shift Difficulty
* Using the Patient -0.38
* Contributors -0.27
Note. All variables are in Z scores. For all variables, N = 233.
Multiple patients had the same doctor and thus the same experience score.







DISCUSSION OF THE EFFECTS ON COMPONENT VARIABLES WITHIN THE 
GOAL ENACTMENT FACTOR 
 
Patient difficulty affected goal enactment behaviors such that doctors performed 
more goal enactment behaviors with more difficult patients. Patient difficulty had a larger 
impact on doctors using tests and images and their evidence evaluation behaviors. 
Collaborative behaviors and logistic behaviors were the least affected by patient 
difficulty. The table of correlations between patient difficulty and the variables within the 
action-oriented factor appears in Table G1.  
Table G1 
Correlations Between Patient Difficulty and Variables in the Goal Enactment Factor 
  
Hospital affected goal enactment behavior such that doctors at the urban hospital 
performed more enactment behaviors. This pattern was true of the individual behaviors 
within the factor, as well. Table G2 shows the means and standard deviations for each 
variable within the factor for both hospitals.  
Contributing variable Pearson's r
* Evidence Evaluation 0.48
* Diagnostic Behavior 0.41
* Tests/Images 0.58
* System Management 0.37
* Logistics 0.34
* Collaboration 0.30




Hospital Means and SDs for Variables in the Goal Enactment Factor 
 
 
Contributing variable Mean SD
Evidence Evaluation
     Hospital 1 0.32 1.18
     Hospital 2 -0.22 0.78
Diagnostic Behavior
     Hospital 1 0.35 1.23
     Hospital 2 -0.24 0.72
Tests/Images
     Hospital 1 0.04 1.00
     Hospital 2 -0.03 1.00
System Management
     Hospital 1 0.55 1.16
     Hospital 2 -0.38 0.64
Logistics
     Hospital 1 0.23 1.07
     Hospital 2 -0.16 0.92
Collaboration
     Hospital 1 0.19 1.05
     Hospital 2 -0.13 0.95
Note. All variables are in Z scores. For Hospital 1, N = 95; for Hospital 2, N = 138.
